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INTRODUCTION. 



1. The world on which wa dwell ia a little Btar or planet, 
one of a family of eight, all travelling ronnd the sun at 
different difitances, and depending upon it for light and heat. 
They are also dependent upon it for guidance ; for, were the 
Him taken away, the whole of the planets would wander from 
one another into the wide waste of heaven, being no longer 
held together in their places by the force of his attraction. 
The snn and planets are called the solar system. 

2. The sun and moon appear to na as if they were nearly 
of the same size ; but in reality it is not so. The sim is im- 
mensely larger than the moon; and the reason why the moon 
seema as large as the sun is, that it is very much nearer. A 
cannon ball travelUng at the rate of a thousand miles an hour 
would reach the moon in ten days, whereas it would take more 
than ten years to reach the sua 

3. But the solar system iteelf is oidy a speck in creation, 
and the sun itself is only one among millions of stars. Far 
away in the heavens, and at unmeasurable distances from one 
another, there are miUions on millions of other suns and sys- 
tems ; bot, because they are so far away, they appear only as 
stars, of which a few hundreds only are visible to the naked 
eye. 
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Figure I. 

4. The paths in which the planets travel round the sun ai^ 
like rings of different sizes, one within another ; each outer one 
being nearly double the size of the one within. The planets 
therefore can never come near one another. 

5. The earth, which is our planet, is the third from the 
sun, there being only two that are nearer. There are other 
five which travel in orbits outside, but astronomers are not 
certain whether there are not others still further away, which 
have not yet been discovered. 

6. The position of the earth in the solar system is repre- 
sented both in figures 1 and 2. No. 1 represents the earth 
and the two planets which are nearest to the sim. No. 2 re- 
presents the earth and the five planets which are furthest away. 
It will be observed that the scale of No. 2 is a great deal 
smaller than that of No. 1, because the orbit of Neptune (the 
most distant planet) is so great that the scale had to be very 
much reduced in order to take it in. In No. 1 the orbit of the 
earth is the largest ; in No. 2 it is the smallest. The scale of 
both is so small that the sun cannot be represented in pro- 
portion ; its place therefore is marked by a bright light in the 
centre. 

We will now proceed to describe the several members of 
the solar system. 



THE SUN (Fig. XL.) 

7. The sun is the great centre of the solar system ; and is 
so large, that if all the planets and comets that revolve around 
it were added to its bulk, it would not appear any larger than 
it does at present. 

8. The diameter of the sun is upwards of 852,000 miles ; 
that is to say, a line passing through the centre, and reax^hing 
from one side to the other, would be so many miles long. 
Supposing it possible* to run a railway train round the sun at 
the rate of thirty miles an hour, it would take nine years to 
accomplish the journey. 



ASTRONOMY. 5 

9. So large ia the sun in comparison with the earth, that, 
BtippoBJng the earth to be placed iu the centre of the suu, there 
would be plenty of room inside for the moon to revolve around 
it ; and even then there would be nearly as great a distance 
beyond, before reaching the surface of the son. Diagram No. 
31 shows the proportion of the orbit of the moon to the diameter 
of the sun. 

10. When we examine the sun by means of a t 
we find that the briglitnesa dimiuiahes from the centre, a 
presented in figure 40 ; the central portion being the brightest. 
The light of the sun proceeds from a sheet of flame, called 
the photosphere which floats in an atmosphere of unknown 
depth, and which is capable of absorbing its rays. As the 
photosphere rises and falls in waves, those portions which are 
highest are brightest, because there is lesa of the absorbing 
atmosphere above them ; whereas those portions which are 
lowest are moat obscured, in consequence of the rays having to 
liaes through a greater depth of atmosphere. The brighter 
portiooB of the photoaphere are called faculai. 

11, Diuing a total eclipse of the sun we discover that the 
photosphere is not the only source of its light. As soon as it 
is covered by the moon's disc, rose-coloured flames are seen 
rising to a great height ; and when closely examined, it is found 
that these flames are projected from a stratum of red light 
which encircles the sun, and that this stratum of red Ught is 
separated from the photosphere by a thin line of white light 
quite distinct from the photosphere, and not nearly so brilliant. 
This outer envelope is called the chromosphere. 

Spots on tlie Sun. 

12, At the equator, the snn's photosphere revolves on its 
axis in rather less than 31 days. In higher latitudes it 
revolves in rather more than 28 days. What the motion of 
the sun itself may be we cannot tell. This rotation has been 
ascertained by means of spots which break out on the sun's 
^BO, aud are seen to move across, appearing first on the left, 

^fii4 disappearing at the right side : Bee 6gure '10. 

^B 13. These spots appear first as small dim specks, which 
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sometimes grow to be great blotches of irregular forms, as 
shown in figures 40, 41, 42, 44. Sometimes they are so large 
as to be seen by the naked eye ; but they must be looked at 
through a smoked glass to protect the eyes. They break out 
most frequently in the regions north and south of the equator, 
as represented in diagram 43 ; seldom on the equator itself, and 
never near the poles. 

14. Although there is no regularity either in their shape or 
the time of their appearance, yet it has been ascertained that ' 
these spots have a period of eleven years, during which their 
munbers increase and diminish. For five and a half years they 
gradually increase till they attain a maximum, and during the 
next five and a half years they gradually decrease till they 
reach the minimum.* 

15. A remarkable connection has also been observed be- 
tween the spots on the sun and the aurora borealis. When 
the spots on the sun are greatest the aurora is most brilliant, 
and vice versa. The magnetism of the earth also is somehow 
connected with the disturbances on the sun's disc. 

16. These spots are produced by openings in the photo- 
sphere in localities where violent changes are going on, during 
which there is a downward rush of the cooler atmosphere into 
the depths below, or an upward rush of glowing hydrogen 
into the chromosphere above. 

17. In the spots there are different shades of darkness. 
There is first the outer part called the penumbra^ which is not 
nearly so bright as the photosphere. Within the penumbra 
there is a still darker portion called the umbra,- and in the centre 
there is the nucleus, which, though not black, has the appear- 
ance of being so. 

18. A minute examination of the photosphere shows that 
it is composed of separate masses of bright tongues of fire 
crowded together at different depths ; the interstices between 
them appearing as 'pores' or 'punctuations;' but at the 

* Mr Carrington has detected * a great contraction of the limiting paraUels 
between which spots are found preTiously to the xniniTmim .... and 
soon after this epoch, the apparent commencement of two fresh belts of spots 
in high latitudes north and south, which have in the subsequent years shown 
a tendency to coalesce and ultimately to contract as before, to extinction.* 
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edges of the apota, where they are in rapid motion, they have 
the appearance of ' straws,' ' willow leaves,' and ' rice-grains ' 
poiuting towards the interior of the spot, like the thatching of a 
roof. It has also been observed that they are not peimanent 
objects, but gradnally melt away as if they were flames. 

19. The size of the sun-spots is very varied. They are 
sometimes very small, sometimes very 'large — so very large 
that onr world might he dropped through the nucleus, without 
coming withia a thousand miles of the umbra. 

20. These spots give eyidence of commotionH in the sun's at- 
mosphere so violent as to be beyond all conception. They appear 
and disappear, and change their shapes, with marvellous rapidity. 

21. The heat which is given out by the sun is so great, 
that no heat which we can produce artificially is to be com- 
pared to it. It has been calculated that from every square 
yard of the sun's surface, the amount of heat sent forth is 
equal to what a blast furuace would produce, burning a ton of 
coals every ten minutes. 

22. The light of the sun also is far greater than any 
artificial light which we can produce by combustion. The 
lime-ball light, which ia one of the moat brilhant that we know, 
is dark compared with the sun. When held in front of the 
son's disc the lime ball appears as a black spot. 

23. Besides the outer envelopes which lie upon the photo- 
sphere, there appears to be an extensive atmosphere surround- 
ing the sun, which can h9 seen only during a total echpse. 
When the sun, itself is hidden, it shines with a silvery hght all 
aroand, aud is called the Corona. There are also protuber- 
lUicea and fancifully shaped flames projected from the sun's 
surface, which also appear during a. total echpse. These will 
be exhibited in another sheet. 



THE PLANETS. 
Mercury (Fig. XV.) 
I'S^. We now proceed to notice, in their order, the planets 
h revolve romid the suu, the nearest of which is Mercury 
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travelling in the orbit shown in fig. 1, at a distance of more 
than 35,000,000 of miles. 

25. Mercury is so near the sun that it can seldom be seen 
distinctly ; yet astronomers have been able to discover that it 
revolves on its axis in about twenty-four hours, so that its 
day is nearly the same as ours ; but as it travels ronnd the 
sun in less than three months, its year is only a quarter of 
our own.* 

26. It is remarkable that Mercury, although it is the 
smallest, is also, in proportion, the heaviest of all the planets. 
Its specific gravity is supposed to be more than ten times 
greater than that of Saturn, and as six to five compared with 
the density of our own world. 

Venus (Figs, vin., XIV. xxi.) 

27. Next in order is the planet Venus, which is the nearest 
to our earth both in size and position, and is by far the brightest 
star in the heavens. Being much nearer to the sun than we 
are, it is never sufficiently far from the sun to enable us to 
see it, except in the mornings and the evenings. For that 
reason it is called both the morning and the evening star. It 
is nearly the same size as the earth, being only a little smaller ; 
its specific gravity also is nearly the same, being only a little 
less ; but its seasons are very different, on account of its poles 
being much more sloped than ours. See fig. 21. 

28. Venus travels in her orbit at a distance from the 
sun of more than 66,000,000 of miles, and performs her 
journey round it in seven months and a half. Her day is very 
nearly the same length as our own, as she revolves on her axis 
in about twenty-three hours and a quarter.-|- 

29. Mercury and Venus are the only planets that can come 
between the earth and the sun. When they do pass, they 
appear as little black beads moving across its disc. It is by 
observing these transits from different parts of the earth's snr- 

* The sun appears very much larger when seen from Mercury, than when 
seen from the earth, see figure 30. 

-f The sun appears considerably larger when seen from Venus, than when 
seen from the earth. See fig. 80. 
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face, and measuring the difference, that astronomers have been 
able to discover the distance of the earth from the sun. 

The Earth (Figs. XVI., XXII.) 

30. Our own world is the third planet from the sun, and 
moves in its orbit at a distance of more than 91,000,000 of 
miles. It accomplishes its journey in rather more than 365 
days six hours, and thus completes its year. As we count 
only 365 days in the year, the six hours additional accumulate 
to a whole day every four years. This is added to the 28th of 
February, and makes what is called leap teak. 

31. The earth also turns on its axis every twenty-four 
hours, which is our day ; but as the axis is oblique, the north 
pole being bent down 23^ degrees, and the south pole 
lifted up to the same extent, a variety of seasons is produced 
during its passage round the sun. 

32. In travelling round the sun the poles always point in 
the same direction, 
so that at one part 
of the year the north 
pole points forward ; 
but as it turns in the 
circle it gradually 
goes sideways, till 
coming round again 
on the opposite side, 
the south pole takes 
the lead. This is 
the cause of the 
change of seasons 
in each hemisphere. 
When the northern 
hemisphere points 
away from the sun, it is the northern winter and the southern 
summer ; but when it points towards the sun, it is the northern 
summer and the southern winter. 

33. Our planet is covered with what might be called a 
film of water, which we call the ocean, and which is probably 
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on an average not much more than two miles deep. If repre- 
sented on a common globe, it would not be deeper than the 
varnish on the outside. 

34. The earth is also surrounded by a dense envelope of air, 
which adheres to it, and is called its atmosphere. This atmos- 
phere, which is somewhere between fifty and eighty miles in 
height, is necessary for the existence of plants and animala; 
but it is only at the very bottom that it is dense enough for this 
purpose. As it ascends it becomes thinner and thinner, until it 
disappears altogether. The layer at the bottom, in which alone 
plants and animals can live, is only a few miles deep, so that if 
it were represented on a common globe, it would not be much 
thicker than another heavy coat of varnish. 

35. The mean density of the earth is five and a half times 
greater than water — that is to say, it is heavier than stone, 
but not so heavy as iron* 

The Moon (Fig.* XXXn.) 

36. Our world is attended by a satellite or moon, which 
travels round it at a distance of 238,000 miles, see fig. 3. 
It is much smaller than the earth, being only 2,153 miles in 
diameter, and yet it is nearly as large as the planet Mercury. 
Fig. 19 gives an idea of its size compared with the British 
isles. 

37. The moon travels round the earth once in twenty-seven 
days and seven hours, during which time it gradually changes its 
appearance. From ' new moon' (when it is invisible) it changes 
to a thin crescent, see fig. 33, and * half moon,' see fig. 34. 
From that time it gradually increases till the whole face or 
disc is illuminated, which is called the * full moon.' Grad- 
ually it wanes to the third quarter, and from that dies away to 
new moon again. 

38. The density of the moon is rather more than one-half 
of that of the earth; and as there does not appear to be any 
water on its surface, or any atmosphere surrounding it, it has 
been suggested that when the outer crust was formed and be- 
came rigid at a very high temperature, interior vacancies may 
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have been formed by the Bubseqaent caoliug of the masB and 
shrinking in bulk, and that into these the aea and the atmo- 
ephere may have retired. In diagram No, ^3 the outer circle 
of white represents the difference between the apparent specific 
gravity of the moon, and the specific gravity of the earth. It 
would also represent the exteut of the vacancy between the 
outer crust and the inner nucleus, supposing their real specific 
gravity to be the same. 

39. The mountains of the moon are very pecnUar, see figs. 
35, 36, being chiefly circular, and of the most varied dimensions. 
They resemble the ring-shaped elevations produced by droppings 
falheg into hqnid plaster, the smaller ones having the appear- 
ance of raiu drops, but of gigantic size. There are also level 
jilaius lower than the mountain country, the dark colour of 
which sn^ests that they were formerly covered with water. 
The height of the mountains of the moon is proportionally 
greater tlian the height of the moimtama on the eurth. 

40. As the moon always keeps the same side turned towarflfi 
the earth as she Journeys round, we are never able to see 
the other side. Her day is the same length as her year, be-. 
cause she turns on her axis ui exactly the same time that she 
revolves in her orbit. 

41. The plane of the moon's orbit round the earth is not the 
BBme as that of the earth round the sun. One half is higher than 
the ecliptic, the other is lower ; it must therefore cross the sun's 
path twice every month at the two points, which are called 
the nodes. If the sun happens to be at one of these nodes 
when the moon is passuig across, an echpse of the sun takes 
place — that is to say, the moon comes between us and the sun. 
If only a part of the sun is covered, it is called fk partial eclipse ; 
if the whole is covered it is called a total tclipse ; but it some- 
times imppens that the moon crosses when the smi is nearer to 
UB than usual and the moon further away ; in that case an annular 
eclipee takes place, which memia, that the moon, not being large 
enough to cover the whole sun, leaves the outer edge uncovered, 
which shines like a luminous ring. 

42. When the sun happens to be at one node aud the moon 
at the other, an eclipse of tJie moon takes place ; so that iustead 
of the moou castiiig its ^adow on the earth, the eartii casts ita 
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shadow on the moon, and as the earth's shadow is veiy much 
larger than the moon's, the ecUpses of the moon are much more 
frequent than the eclipses of the sun. 

Mars (Figs. XVII., XXIV., XXIX.) 

43. We now call attention to the second diagram, in which 
the orbits of the earth and the superior planets, are represented. 
The planet nearest to the earth on the outside is Mabs. Like 
Mercury and Venus, it is a solitary world, having no moon to 
cheer the darkness of its night. It is comparatively a small 
planet, being only 4,920 miles in diameter, and turns on its axis 
in a little more than 24^ hours. Its day therefore is slightly 
longer than our own.* 

44. Mars moves in an orbit upwards of 139,000,000 of miles 
distant from the sun, and takes a year and nearly eleven 
months to complete its journey. The axis on which this planet 
turns is obUque, so that each hemisphere has a summer and 
winter in turn. It has also an atmosphere of some kind, which 
though not so dense as our own, prevents us from seeing very 
clearly its geographical features, see fig. 24. 

45. So far as can be made out, the greater part of the sur- 
face is land, only a small portion being water. There must 
also be water hi the atmosphere which descends in the form of 
snow ; as we can see at either pole a white patch, which becomes 
larger in winter and smaller in summer. In figure 29 will be 
found the geographical features of Mars, so far as they have 
been ascertained by means of powerful telescopes, with the 
names of the continents and seas by which they may be re- 
ferred to, 

* The sun, when seen from Mars, appears considerably smaller than whon 
seen from the earth, see fig. 30. 
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The Asteroids, or Minor Planets (Fig. U.) 

46. There is considenibLe regularity b the increaeing dis- 
tances of the planets from the sim ; each planet being more 
than a half further away than the one nearer. Bnt between 
Mara and Jupiter there is double the usual distance, as if a 
planet ought to have been there which is awanting. There is, 
however, in place of a single planet, a perfect shoal of minia- 
ture ones, all moving in one broad path, yet never coming into 
coUiaon one with another. Although upwards of a hundred 
have been discovered and named, it is probable that there are 
hundreds more, some of them not larger than one of our own 
monntains. To diBtiuguish theta from the other members of 
the solar system, they have been called asteroids, plauetoids, 
aud minor planets. 

Jupiter (Fig. XII., XXV.) 

47. Beyond these fragmentary bodies, we find the planet 
JojMter, the largest of the whole family, and the second brightest 
star b our heavens. It is upwards of 85,000 miles iu diameter, 
so that it is more than a thousand times larger than our own 
worid. There is reason to beUeve, however, that what we see 
is not the planet itself, but only the outside of its atmosphere ; 
and as there are evidently great commotious taking place 
within, the depth of the atmosphere must be very great. This 
is the more probable, as the density of the planet is bo very 
small that it would almost flo^t in water (see fig, 25), As 
there is no reason to suppose that the planet itself is composed 
of materials hght«r than those of our own earth, it is more 
than probable that the solid nucleus is leas than half of that 
which is visible. If the planet be not yet cooled, and if its 
fature ocean be still in the form of steam, we have an easy 
explanation of its enonaous bulk, and the violent commotions 
which are taking place within.* 

* The brilliant white of its equatorial regions has led tomo to suppoee 
Ibat Jupiter aliineB partly by a light of his own. It ie more probable that it 
IB caused b; the aqneoDs Tnpmr aacendlng in huge maaees from beoeath, and 
turning into buow as it iTavela along before detcendiug into the inlerior (o 
be rcmelted and healnd tor another ascent. 
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48. The orbit of Jupiter is upwards of 475,000,000 of 
miles distant from the sun, and it takes nearly twelve years to 
make a complete revolution, travelling at the rate of 30,000 
miles an hour. Jupiter turns on its own axis in less than ten 
hours, so that its day is less than one-half of ours. This great 
velocity of rotation bulges out the sides and flattens the poles 
of this planet, so that in the telescope it appears far from being 
round. Its measurement from pole to pole is more than 6000 
miles less than at the equator.* 

49. The body of Jupiter is crossed by a number of shaded 
bands or belts, not of any regular form, and not always the 
same. The largest and most permanent bands are near the 
equator on both sides; the equator itself is in general more 
luminous than any other part of the disc. Outside of these 
larger belts, towards the poles, the smaller bands are continually 
changing. 

50. There are four moons which revolve round Jupiter at 
different distances, like planets round the sun, as shown in 
fig. 6. The second is nearly the same size as our own moon, 
the first and fourth are larger, and the third is the largest of all. 

51. These moons of Jupiter undergo eclipses much more 
frequently than our own moon, having to pass so frequently 
under the shadow of the great planet. There are also eclipses 
of the sun on Jupiter, but the moons are so small that their 
shadow appears only as a Httle black spot travelling across its 
surface. 

Saturn (Figs. IX., XVIII., XXVI.) 

52. Next to Jupiter is the planet Saturn, which, though 
not quite so large, is even more wonderful. It is the sixth in 
the order of distance from the sun (not counting the asteroids), 
and the third which travels outside of the earth's orbit. Its 
diameter is nearly 72,000 miles, its distance from the sun 
upwards of 872,000,000 miles, and it takes nearly twenty-nine 
years and a half in completing its journey round the sun. 
Saturn turns on its axis, which is much more obUque than that 
of Jupiter, in ten hours and[ a half, see fig. 26. 

* The sun, as seen from Jupiter, appears much smaUer than when seen 
from the earth, see fig. 80. 
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58. To the naked eye Saturn does not appear very bright ; 
fainter than Venna, Jupiter, or even Mars, and his colunr 
has a dull yeUo'wish appearance, which made the ancient astro- 
nomers apeak of him as having a very gloomy influence on 
mankind. This waa the last of the planets known to the 
ancients, who attributed to each of thera some peculiarity. 
Those bora under the influence of Mercuiy, the Moon, Mai's, 
Jnpiter, or Saturn, were called mercurial or sprightly, lunatic 
or insaue, martial . or warlike, jovial or merry, aUumitte or 

54. VVTien looked at throng the telescope, Saturn is a 
most interesting and beautiful object, because, Ijesides being 
attended by eight moons, he is encircled with a splendid 
item of thin but broad rings, nnlike any other star in the 

Lvens. 

66. In fig. 18 Saturn will be easily distinguished from all 
the other plaueta by his rings, which we will now describe. 
There are really three distinct rings, and even these may be 
divided into smaller ones. The outer ring, which of course is 
the largest, is nearly 167,000 mJlea in diameter, and nearly 
10,000 miles broad. The central ring is 144,000 miles in 
diameter, and nearly 18,000 miles broad j but the most re- 
markable is the inner ring, which is almost transparent, and 
which stretches, like a thin gauze frill, from the central ring to 
within 10,000 miles of the planet. 

5fi. What these rings are composed of is at present un- 
known ; the most probable conjectnre is, tliat they are made up 
of an immense amount of loose materials, revolving in different 
orbits, probably meteoric stones, at considerable distances 
from one another. The changes which are continually taking 
place in the appearance of the rings appear to favour this 
supposition. 

57. The rings do not always present the same front to this 

.■earth. At one time they are in the plane of the earth's orbit, 

Otbat only the edge is presented to us, as in figure D. They 

'len begin to turn their side to us, as in figure 18; after 
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which they again contract, and show the thin edge as be- 
fore ; and lastly, they turn their other side to us, and again 
presenting the thin edge, having completed their oscilla- 
tion. These changes are caused by the planet's equator being 
inclined at a considerable angle from the plane of the earth's 
orbit. 

58. Saturn has his poles flattened like the planet Jupiter, 
in consequence of his rapid rotation on his axis; and, like 
Jupiter, is girdled with belts, which, however, are not so dis- 
tinctly marked. As is the case with Jupiter, the equatorial 
regions are the brightest. 

59. The apparent density of Saturn is the least of all the 
planets, and does not exceed that of hard wood. As in the 
case of Jupiter, there is no necessity for supposing that it is 
made of very light materials ; because, as we see only the out- 
side of its atmosphere, the globe itself may be comparatively 
small. What we have said of the atmosphere of Jupiter may 
also be said of the atmosphere of Saturn. See fig. 26. 

60. The satellites of Saturn are eight in number, and re- 
volve in orbits as represented in fig. 7. 

Uranus (Figs. XI., XXVII.) 

61. Uranus, which was discovered by Sir William Hcrschell 
in 1781, was unknown to the ancient astronomers. It moves 
in an orbit nearly 1,754,000,000 of miles distant from the sun, and 
accomplishes its journey in rather more than eighty-four years. 
It turns on its own axis, but not in the same direction as the 
earth, see fig. 27. EQs diameter is 33,000 miles, so that 
although much larger than the earth, it is not nearly so large 
as Jupiter, or even Saturn.* 

62. The density of Uranus is greater than that of Saturn, 
but not so great as that of Jupiter. It is probable, therefore, 
that it also is surrounded with a great atmosphere, which 
makes it appear double its real size. No spots or bands have 
yet been ^covered to enable us to measm-e the length of its 
day. This is not to be wondered at, considering how great the 

* The sun appears only as a dazzling star of extraordinary magnitude, see 
eg. 30. 
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clistanoe is between it and lie, and tbe feeble light it receives 
from the sun, see Fig, 30. 

63. Uranus ban four moona, see fig. 5 ; but it is remark- 
able that they revolve backwards, that is to say, in a direction 
opposite to that which the moonB of Saturn and Jupiter follow. 
There may be other moons besides the four, hut their great 

taoce pi«vents tliem from being seen from the earth, 

Neptune (Figs. XIII., XXVIII.) 

64. After the discovery of Uranus, astronomers were 
puzzled by the irregularity of its motion at one part of its 
journey round the sun. This could only be accounted for by 
supposing that another planet was revolving outaide, so that 
when the one passed the other, the outer planet disturbed the 
modoQ of the one withm. This led two of our most dis- 
tinguished astronomers, Adams and Leverrier, one in Englaiid 
and tbe other in France, to make calculations in order to dis- 
cover the place where this exterior planet might be found. 
Adams was the first to point out the place; but for want of star 
maps sufBciently minute to discover the straoger, the astrono- 
mers of England failed to recognize it. Leverrier having aiso 
completed his calculation, wrote to Dr Galle In Berlin, who, by 
means of the star maps in hia possession, recognized the new 
star io the place mentioned by Leverrier, as one that had not 
been there before. The new planet was called Neptune. 

65. Neptune is distant from the sun 2, 74 (i, 000, 000 of miles, 
and performs his joumeyround it in rather less than 165 years. 
The diameter of Neptune is nearly 37,000 miles, and its density 
rather less than that of Uranus, see fig. 28. 

66. One moon has already been discovered revolving round 
Neptune ; probably there are more. Like thoee of Uranus, it 
is believed that its motion is retrograde. Its orbit is shown in 
fig. 4. 



METS (Figs. XXXVII., XXXVin., XXXIX.) 

I 67. Our deacriptaon of the solar system would not be com- 
) without some account of the comets, which form an 
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entirely different class of bodies, both in regard to their move- 
ments and their constitution. Their name is derived from the 
Latin \Coma,' which means haik, and they are so called on 
account of their tails, which stream out behind them Uke the 
tail of a horse. 

68. The brightest part of the comet is the head, which, in 
some cases, contains a still brighter patch, called the nucleus. 
No part of the comet is so dense as the air we breathe, and 
stars can be seen through any part of its body. As comets 
do frequently cross the orbit of the earth, it was once feared 
that the earth might be destroyed by their coming into collision. 
There is reason to beUeve, however, that the earth may have 
occasionally passed through comets without the inhabitants 
being at all aware of it. So unsubstantial are they, that 
although they are easily turned out of their path by coming 
near a planet, they have not the slightest influence on the 
movement of the planets themselves or even of their moons. 

69. All the planets move, more or less, in one plane, 
whereas the comets move in all directions. The planets move 
in orbits that are nearly circular, whereas the comets move in 
elhptical orbits that are very much elongated. Some comets 
have their orbits within that of Neptune, and perform their 
journey in a few years ; others come from, and go back to, 
distances of unknown extent, so that it is doubtful whether 
they shall ever return. The orbits of a number of comets are 
shown in fig. 37. 

70. The motion of a comet always increases as it ap- 
proaches the sun, and diminishes as it goes away. In what- 
ever position the comet may be, whether in going or coming, 
the tail is always pointed away from the sun. 



DESCRIPTION OP THE DIAGRAMS. 

Figure I. Eepresents the earth and the interior planets,* 

* In astronomical works Mercury and Venus are called the infebiob 
FLANET8, and those beyond the earth, the svpeuior planets, because the sun, 
being the great centre of attraction, and all the planets being inclined to fall 
down into it, those that have the least distance to fall are called lowest, and 
those that have the greatest distance to fall are called the highest. 
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Mercury and Vennfl, Instead of loofeing down on their orbita 
from above, as geueraUj represented, we see them m prospec- 
tive, that is, sideways. 

PiGUKE II. Represents the earth and the exterioh planets, 
that is, those that are further away from the ann. 

FiomiE III. Represents the orbit of our own moon. 

Fi«UBE IV. Eepresenta the orbit of the moon of Neptune. 

FiGusE V. Eepresents the orbits of the four moons of 
Uranus. 

Figure VI. Repreaeuts the orbits of the four moons of 
Jupiter. 

FiGTTEB VII. Represents the OTbits of the eight moons of 
Saturn. 

Figure VIII. Represents Vonns as she appears in the tele- 
scope, first as a thin crescent, then as a half moon. We never 
can see the full face of Venus, because she is nearer to the 
sun than we are. It will be observed that besides the half of 
the planet which is enhghtened by the sun, there is an addi- 
Uonal portion in twihght ; proving that there is an atmo- 
sphere of considerable extent like that of our own world. 

Figure IX. Represents Saturn at the time when his rings 
are in the plane of the earth's orbit, so that we see only their 
edges. Near the planet the rings appear nebulous. It is 
supposed that this is caused by the materials of which the 
rings are composed revolving in orbits of different incUnations, 
At the extremity the rings are so thm that they do not appear 
continuous. 

FreuKES XI. to XVIII. Represent the appearance and com- 
parative size of the planets. The segment of a circle at the 
foot represents, in the same proportions, a part of the sua, 
which would be fonr feet in diameter. 

Supposiug then the sun to be four feet in diameter, 
Mebouby would be of the size represented in the figure, and 
would revolve, at the distance of .55 yards, at the rate of 
10 feet 8 inches a day, 

Vencs would revolve at the distance of 103 yards, at the 
rate of 8 feet 7 inches a day. 

The Earth would revolve at the distance of 142 yards, at 
the rate of 7 feet 4 inches a day. 
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Mabs would revolve at the distance of 219 yards, at the 
rate of 6 feet a day. 

JupiTEE would revolve at the distance of 744 yards, or 
nearly half-a-mile, at the rate of 3 feet 3 inches a day. 

Satukn would revolve at the distance of 1362 yards, or 
three-quarters of a mile, at the rate of 2 feet 6 inches a 
day. 

Uranus would revolve at the distance of 2740 yards, or a 
mile and a half, at the rate of 1 foot 8 inches a day. 

Neptune would revolve at the distance of 4290 yards, or 
about two miles and a half, at the rate of 1 foot 4 mches a day. 

Figure XIX. represents the size of the moon as compared 
with the British isles. 

Figures XX. to XXVIII. Represents the specific gravity or 
comparative density of the various members of the solar system, 
and the inclination of the axis of each, without reference to size. 
The interior nucleus is the real body of the planet (or sun) sup- 
posing it to be of the same density as the earth. Of course 
we cannot tell whether they are composed of the same or 
similar materials or no ; but there is no reason to suppose that 
they are greatly different. Mercury is not represented because 
his density is even greater than the earth, and the inclination 
of his axis is not certainly known. In the case of all the 
others, except the moon, what we see is the limit of their 
atmospheres, not the planets themselves: we may therefore 
account for their extreme lightness, by supposing that all 
beyond the nucleus is atmosphere. In the case of the moon 
it is not so. If there be any atmosphere it must be in the 
interior. See section 39. 

Figures XXIX. Represents the geographical features of 
Mars in four orthographic views. The names given to the con- 
tinents and seas are those of eminent astronomers. 

Figure XXX. Represents the apparent magnitude of the 
sun as seen from the different planets. 

Figure XXXI. Represents the size of the sun as compared 
with the orbit of the moon. 

Figure XXXII. is a telescopic view of the moon drawn 
from numerous photographs. See section 40. 
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Figure XXXIII. The moon as a thin crescent, four days old. 

FiGUEE XXXIV. The moon when a little more than half 
fun. 

Figure XXXV. Copernicus, a mountain in the moon, to- 
wards the left side, and near the centre of the limb. 

Figure XXXVI. Mountain formations near Tycho, the 
radiating mountain in the South. For these two drawings 
we are indebted to the kindness of James Nasmyth, Esq. 

Figure XXXVII. Represents the Orbits of a number of 
comets connected with the solar system. 

Figures XXXVII., XXXVIII., and XXXIX. Comets. See 
section 68. 

Figure XL. Is a telescopic view of the sun, as described at 
pages 4, &c. 

Figures XLI., XLII., and XLIV. Telescopic views of the 
spots on the sun. See section 12. 

Figure XLIII. A diagram showing the regions on each 
side of the sun's equator in which the spots generally break 
out. See section 14. 
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No. 


L— Signs of the Solar System. 




Mercury, 

Venus, 
Earth, . 
Mars, . 
Jupiter, 


. 5 

. $ or © 


Saturn, 
Uranus, 
Neptune, 
The Sun, . 
The Moon, . 


. © 



No. II.— Signs of Degrees. 

Degrees ^ Minutes ' Seconds " 
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Diameter of the Members of the Solar System. 



Mercury, 
Venus, , 
Earth, . 
Mars, 
Jupiter, . 



2,962 miles. 
7,510 
7,901 
4,920 
85,390 






Saturn, 
Uranus, 
Neptune, 
Sun, 
Moon, . 



71,904 miles. 
33,024 „ 
36,620 
852,584 
2,153 



99 



Their Distances prom the Sun. 



Mercury, 
Venus, 
Earth, „ 
Mars, 



35,393,000 miles. 
66,131,000 
91,430,000 
139,312,000 



J9 

J9 



Jupiter, 475,693,000 miles. 
Saturn, 872,135,000 „ 
Uranus, 1,753,851,000 „ 
Neptune, 2,746,271,000 „ 



Moon distant from the earth, 238,793 miles. 



Periods of Revolution in their ORBrrs. 





D. 


H. M. 




D. 


H. 


M. 


Mercury, . 


87 


23 15 


Jupiter, 


. 4,332 


14 


2 


Venus, . . 


224 


16 48 


Saturn, . 


10,759 


5 


16 


Earth, . . 


365 


6 9 


Uranus, 


30,686 


17 


21 


Mars, . . 


686 


23 31 


Neptune, 


60,126 









The moon, 27 days 7 hours 43 minutes. 



Period op Rotations on their Axes. 





H. M. S. 


H. M. S. 


Mercury, 


. . 24 5 28 


Jupiter, . . 9 55 28 


Venus, . 


. . 23 16 19 


Saturn, ... 10 29 17 


Earth, . 


. . 23 56 4 


Uranus, . . unknown. 


Mars, . 


. . 24 37 23 


Neptune, . . unknown. 




Sun, 29 days. 




Inclination op Euqator to Orbit. 


Mercury, 


. . unknown. 


Jupiter, ... 3** 4' 


Venus, . 


. . 49^58' 


Saturn, . . . 26*^49' 


Earth, 


. . 23^ 27' 24^ 


Uranus, . . . 100** 20' 


MarBf 


. . 28^ 51 


Neptime, . . unknown. 
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Density of Earth as 1. 



Mercury, 1*24 

Venus, 0-92 

Earth, 1- 

Mars, 0-92 

Jupiter, , . . - 0*22 



Satum, 
Uranus, 
Neptune, 
Sun, . . 
Moon, 




0-12 
0-18 
0-17 
0-25 
0-566 



Density of earth, 5^ times that of water. 
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OP GENERAL GEOGRAPHY, 



KEITH JOHNSTON, LL.D. 

Uullonu In SUa Tltb tbs Aalbot'i Dmnll AUaeei. 




HE advantnge of teaching Gcographj by coustant reference to 
large Wall Map* is now fully appreciated and practised ia thu 
liigher clasa eohoob lliroaghout tie couut^y. Ijeaniirig by rote frciii 
books alone — liste of namus wilb wbicli no positive geogriipliii.'al 
localiUcB are connected, Icaila, inevitably, to a distaste for the subject: 
and any little infonnBtinn bo acquired ia apuedily forgotten. T]>e 
eye, — tliat important auxiliary in the acqnJBition of all knowledge 
depending on form^is thus virtually ignored, and progress in learn- 
ing is slow and unsatisfactory. 

Assured that the Hyetcm here advocated would be still more 
geaernlly adopted, if Text ltoolc§ were to be had in which the names 
selected, and their nrtlingrapliy, should be in perfect aecuidance with 
those oil the Jlaps, the Author hoa been induced to prepare a separate 
Hand Book to each of the Wall Maps of General Geography, similar 
in plan to those for his Wall Maps of Physical Gcograpliy, which 
have been so well received. In tliese Uand Bool:s, brood general 
views are inculcated, and all uuaeceesary detail is avoided. Bycry 
place noticed baa BOmetbing peculiar, either in poiilioa, population, 
commerce, pni'/uLfiunji, or hisi-irn, to render it memorable. 

The text introduces suLjecta not usually taught in schools, but 
wbicb, it is believed, will make the study of Geography fresh ami 
attractive to the young. Intelligent teachcre will bero find euggtu- 
tions whidi may eoablo them to lay before their pupils comparative 
views of great interest regardiug difTerent countries and atates. 

Teaching Lists to accompany each of the Hand Books, have 
been carefully prepared by an Inapectot of Seliools of great ciperi- 
ence. These afford a ready means of testing the attauunenta of 
pupils in Map Geography, for acqairitig a knoviltdge of which tbey 
offer the easiest method. Every uame given in these lists is to be 
found in the Wall Mnjia to which they refer, 

Mauy practical advantages will be found tn this method of 
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IIE ailvantsge of teaching Geography by ooustant reference to 
large Wall MapB is how fully appreciated and practised in the 
higher eluas eohools throughout the couulry. I.eamiug by roti? frcm 
books atooe — lists of aunnjn with which do puaitive geogrnphlca) 
localities are connected, leai la, inevitably, to adistaste for the subject; 
and any little infoimation eo acquired is Bpecdily forgottCD. Tlie 
eye, — that iinporinnt auxiliary in the acqniaition of all knowledfje 
depending on tonn — iB thus Tirtually ignored, and progress in learn- 
ing is slow oad UMBatisfaclory, ^ 

Aflsuied that the avBtcm here advocated would be etfll more 
generally adopted, if Text liooks were to be had in which the Dsmoa 
selected, and tlieir ortljogtapliy, should be in pi'rfect accordance with 
tlioee OD the Alapa, the Author has been induced to prepare a separate 
Hand Book to each of the Wall Maps of General Geogiupby, similar 
in plan to those for his Wall Maps of Phyaical Geography, whicii 
have been eo well received. In these Hand Boohs, broad general 
views are inculcated, and all uuneceseary detail is avoided- Every 
place noticed has BOioething peculiar, either in position, popiUatiun, 
commerce, pn-luttiunf, or hiimry, to tender it memorable. 

The text introduces subjects not uauatly taught in schools, but 
which, it is botifved, will make the study of Geography fresh and 
attractive to tbe young. Intelligent teachers will here fiud suggea- 
tions which may enable them to lay before their pupils comparative 
viswa of great interest regardiug different countries and states. 

Teaching Lists to accompany each of tbe Hand Books, have 
been carefully prepared by au Inspector of Scliools of great eipcri- 
eoce. These t^ord a ready means of testing tbe attaimueuts of 
pupils in Map Geography, for acquiring a knowledge of which they 
offer the easiest method. Every uuine given in these lists is to ba 
found in tbe Wall Maps to which they refer. 

Uauy practical advantages will be found in this method ol' 
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Kmiting the ftttontion of ths iMnier to ODe M4p, and iU E 

Text Book, nt one time, The dktj^tiaD oonaequent on p: 

book t«sabing is thus ftToided ; while, for a few pence, the pupil tfl ' 

eupi>lied with leuona fi:ir a giiAt part of a BesHiou, and la not imilei 

the Decessity of u&rryiDg to school • bulky volume, of which a 

part oqIj inld be required, 

lite Teaching LiolB aoit Explanatory Text are [lU'tber adapted 
be used iritb Unlettered Wall Uaps, a eeriva of <^*hich, ezhilj 
lug the physical features of each country with tlie ponitioi 
priocipa] towna, but omitting the nhmes, has been prepared § 
■cliool use. These are employed either for tertiug the ktiowled 
of u cliisa by pointing to the un-Baine'l Map on the WoU, ot% 
filling iu the naniea as an exercise for more advanced popils. 
this pnrpose plain sheets are supplied by the Publishera. 
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HAND-BOOK TO ASTEONOMT. 

No. n.— ASTRONOMICAL DIAGEAilS. 



L THE EABTH AND THE HEAVENS. 

1. la olden timeB it was supposed that the earth was an 
immenBe plaio, eurrounded by an ocean, extending no one knew 
how far ; and that the bud, moon, and stars, were in motion 
round the world, no one knew how. It is now certaia that 
this was a great mistake ; and that the earth, instead of being 
a plain, ia a large globe, which revolves on its own axis ; so 
that it is not the heavens that are ia motion : it is the earth 
that moves, 

2. The same illaaion is produced when we are travelling 
by rail. The trees and houses seem to rush past, while the 
carriage, in which we are seated, appears to be standing still. 
Of course we know that it is the carriage that is ia motion, 
and not the country, 

3. The ancients supposed that the earth was the centre of 
the universe ; and the sun, moon, and stars seemed so small m 
comparison, that they never supposed but that the earth was 
immoveable ; when, however, astronomers discovered that the 
Bnu was more than a thonsaod times lar^r than the earth, 
and that the stars were milKona of millions of miles distant, 
they concluded that it must be the earth revolving on its own 
axis that made the heavens appear to revolve. 

4. There are many proofs that the world is a globe, and not 
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a pltun ; bat there are three which any one may understand — 
1st, Ships have often sailed round the world, arriving at the 
place from which they set out, without having to turn back. 
2d, We can see the shadow of the earth upon the moon when 
the moon is eclipsed, and that shadow is always round; dd, 
If the world were a fiat surface and not a globe, the sea also 
would be a plain ; and, however far a ship might sail away, 
although it would always be becoming smaller in appearance, 
it never could go out of sight. Instead of this being the case, 
however, we can see the sea to be actually round, and the 
ships disappearing on the other side. We first lose sight of 
the hull, then the sails, and at last the top of the mast (hsap- 
pears, as illustrated in Diagram No. 1. 

5. When we look up into the heavens we see continual 
changes going on. In the morning the sun, after rising in the 
east, glides upward till he reaches the middle of his course, 
which is due south, and then he glides downward till he dis- 
appears below the horizon in the west. 

6. When the sun has set, an entirely new scene begins to 
open to our view. At first only a few stars present them- 
selves in the evening sky ; but, as the twilight fades, one after 
another discovers itself to our notice, till the whole sky is 
spangled with their multitude. To the unaccustomed eye the 
stars appear as if they were all at rest ; but if we continue 
our observations from hour to hour, we discover that, like the 
sun, they are continually in motion, — rising in the east and 
setting in the west. 

7. Figure 2 represents the earth in motion on its own axis, 
causing alternately day and night. One half of the earth, 
being exposed to the sun, is in the light of day, the other half, 
which is turned away from the sun, is in the darkness of night. 
Between the two there is a shaded stripe all round, which 
represents the twilight, produced by the sun shining on the 
atmosphere over those parts where it has not yet begun to 
shine upon the earth itself. 

8. The arrow shows the direction in which the earth re- 
volves, being from west to east ; so that the sun is just about 
to rise to the parts which are in twilight. As they turn roimd, 
the sun appears to ascend in the heavens, till it is in the full 



^^H folaze of no 
^^^p sua will &f 



ASTRONOMY. 



folaze of noon. When they have reached the other aide, the 
sua will appear to mt ; and, through the twihght, they will 
pusB into the darkness of night. 

9. In the evening, the whole firmament is seen as a hollow 
sphere, revolvmg on an axis in the heavens, corresponding 
with the axis oS the earth. One half of the heavens, therefore, 
jnuBt be above the horizon, and the otber half below. 

10. After observing the heavens for a few weeks or a few 
mouths, we discover that the sun is travelliug among the etars 
in a path of hia own, 

11. As the apparent revolution of the heavens round the 
earth is caused by the rotation of the earth on its own axis, so 
the apparent course of the sun among the stars, performing its 
journey in a circle once a year, is caused, not by the motion of 
the sun in an orbit round the earth, but by the motion of the 
earth ia its orbit round the sun. 

12. Astronomers have divided the path of the sun round the 
heavens into twelve parts or stages, called the signs of the 
Zodiac, each having au imaginary figure drawn in the sky. 
They are as follows. (See Figure 29). 



Signs of the Zodiac. 



T Aries (the Ram) 
a Tauma (the Bull) 
n Gemini (tie Ttein^) 
cs Cancer (t/ie Crab) 
Si Leo (rte Lion) 
rt\, Vu-go {the Virgin) 



£i Libra (the Scales) 

■ng Scorpio ((/le Seorpion) 

f Sagittarius (tlie Archer) 

"tf Capricomns (the Goal) 

US' Aquarius (the Water bearer) 

K Pisces {the Fishes) 



The scholar may help his memory by learning the following 
ines — 

Tlie Rttm, tUe Bnll, the lieaveoly Twin* ; 
And tieit tlie Crab, tbe Lion Hnmea, 

The Vii'gin, and the Scales, 
The Scorpion, Archer, and Fiah-goat, 
TUe Man tliat pours tlie water out, 
Aud Fiah with glitteriug tails. 

13. Diagram No, 5 is a landscape illustration of the orbit of 
I the earth round the sun, with the signa of the Zodiac in which 
I he appears to travel. The surface of the pond represents the 
I ecliptic or the plane of the earth's orbit ; the large ball iii tim 
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centre represents tiie sun, and the little ball travelling round it 
represents the earth. As neither the son nor the earth have 
their poles perpendicular, their equators do not coincide with 
the surface of the lake; one half being above, and the other half 
below the water. The two points at which the equator cuts 
the surface are called the equinoctials, because, when they face 
the sun, the days and the nights are equal. (jSee Diagram No. 
15.) The earth in moving round the sun, keeps the poles 
idways pointed in the same direction : so that in mimmer the 
north points towards the sun, and in the winter it points away 
from the sun. When a spectator, supposed to be on the earth, 
looks towards the sun in the landscape, he sees part of the 
shore in the same line with the sign of the Zodiac in which 
he happens to be. In like manner, as the earth moves in its 
orbit, the sun appears to travel through the signs. From the 
position which the earth occupies in the diagram, the sun 
appears to be in the sign Gapricomus. 



11. DOCTRINE OP THE SPHERE. 

14. The study of astronomy requires that we shonld be 
able to refer to any poiut in the whole heavens with the utmost 
exactness ; and for this purpose astronomers have adopted a 
very simple method, as shown in Figure 8, by means of two 
circles crossing one another at right angles. 

15. They first imagine one great circle cutting the sphere 
perpendicularly into two equal parts ; and then they imagine 
another great circle cutting the sphere horizontally into two 
equal parts. The perpendicular circle, which measures the 
latitudes, is first divided into two equal parts by the zenith 
above and the nadir below, and agaiu into four equal parts by 
the horizontal circle which divides the north from the south. 
(The zenith is the central point of the upper hemisphere, the 
nadir is the central point of the lower hemisphere.) 

16. Each of these circles is divisible into four quadrants 
and each quadrant is divided into ninety equal parts, called 
Je^grr^es; each degree is further divided into sixty minutes ; 
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^M&d each mioute is Eub-divided into eixty secondB. The de- 

^P^«es are marked thus {"), the minutes thus ('), aud the 

^ aecondis thus (•); so that SO", 30', and 30", would mean 30 

degrees, 30 minutes, and 30 seconds. By this means the circle 

is divided into more thau a milUon of parts. This is suJUcieutly 

minute for all ordinary purposes. 

17. In applying these measm'ements to the heavens, we 
first mark the /leight of any point or star by its distance from 
the north pole, and this is called its North Polar Distance. 
What is called the Declination of a star is its distance (north 
or south) from the equator. The measurement of the longitude 
ia not BO easy, because the horizontal mcle has no pole fram 
vrhich we can count j but astronomers have agreed to reckon 
the longitude of any star by its distance from the spring 
equinox, which is that poiut in the heavens where the sigu of 
Aries begius. This is called the Kiglit Ascension of the star, 
and is measured by hours, minutes, aud seconds, the whole 
circle measuring twenty-four hours. 

IS. The Equator is the great circle which divides the sphere 
into two equal halves, the northern and the southern hemi- 
spheres : but, as the earth does not revolve in its orbit in an up- 
right position, but with its poles inclined 23^ degrees, as seen 
in Diagram No. 4, the plane of the earth's orbit does not coin- 
dde with the equator, but is 23i° higher at one part of the 
year, and 23i'° lower at another. The plane of the earth's 
orbit is called the Ecliptic, cutting the earth's equator at two 
'nts, called the Vernal (spiing) Equinox, and the ArrcM- 
. Equinox. When the suu crosses these points the days 
i uights are equal, " ' " ' ■ " 




19. The Er[nator and the Ecliptic, being natural circles, ara 
I great importance, because they provide the natui-al diviaioua 
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of the sphere. (See Diagram No. 4.) If two minor circles 
be drawn through the poles of the Ecliptic parallel to the 
Equator, we have the Arctic and Antarctic Circles. A minor 
circle touching the highest point of the Ecliptic, and parallel 
to the Equator, gives us the Tropic of Cancer ; and another 
minor circle touching the lowest point of the Ecliptic, and also 
parallel to the Equator, gives us the Tropic of Capricorn. 

20. These four minor circles divide the world into five 
naturally different regions — (1st), Within the arctic and an- 
tarctic circles are the arctic and antarctic regions, where the 
sun does not rise at mid- winter, nor set at mid-summer ; (2d), 
Between the tropic of Cancer in the northern hemisphere, and 
the tropic of Capricorn in the south, are the tropical regions, in 
every part of which the sun shines directly overhead at some 
part of the year ; and (3d), Between the tropical regions, and 
the arctic and antarctic regions, are the temperate re^ons, 
where the sun rises and sets every day, but never shines 
directly overhead. 



III. CLIMATES. 

21. The climate of any country depends on the place which 
it occupies between the equator and the poles. The nearer it 
is to the poles, the colder is the climate : the nearer it is to 
the equator, it is the warmer. Diagram No. 6 i-epresents the 
path of the sim as seen at the poles, it being above the horizon 
one half of the year, and below the horizon the other half. In 
March the sun begins to appear above the horizon, travelling 
slowly round it every day, the upper half alone being visible ; 
but, as it travels round the horizon day by day, it gradually 
rises until the whole disc appears. On the 21st of June it 
has reached its highest elevation, and begins again to descend 
in daily circles till it reaches the horizon ; and at length dis- 
appears, leaving the poles in darkness for nearly half a year. 

22. Diagram No. 7 represents the sun's path as seen at the 
equator, which has two summers and two winters every year. 
Instead of turning in circles parallel to the horizon, as at the 
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poles, the ann travels perpendicularly right up into the sltyfroin 

I*'-e east, aiid right down agmtt on the other side to the west. 
iie first SQUimer is in March, when the sun is directly over- 
tad at 12 o'clock. It gradually declides to the north till Juiie, 
hich is its first winter, and then returns to ita central poeitioa 
September, which is its secoud summer. It continues to go 
uthwards till December, its second winter j and then returns 
irthwards to complete its seasons. As the sun caiiuot descend 
ore than 23i° from the zenith, the equatorial winters are 
nearly as hot as the summer in Britain: the eummera of 
course are the hottest in the world. 

23, Diagram No. 12 representa the climate of temperate re- 
gions, as experienced at London, which is 51^° north of the 

L -equator. Tlie sun travels here, not horizontally as at the poles, 

r perpendicularly as at the equator, but obhqnely, rising 

(from the east towards the south, and descending obliquely to 

e west. On the Slst June the sun is 75° above the horizon 

t mid-day : on the 2lBt December it is only 28°. 

24. Diagram No. 13 represents the sun's path a9 seen in 
L Australia, which is iu the temperate regions of the southern 

hemisphere, where the seasons are reversed. The northern 
sommer is the southern winter, and the northern winter is the 
Boathem summer. The 2l8t of December is the middle of 
Bummer, and the 2l8t of June is the middle of winter. The 
Bnu's path also during the day appears to be reversed : it rises, 
no doubt, in the east, and sets in the west ; but>, as it shines in 
» northern and not in a southern sky, it rises on the right and 
IS if it went backwards. 



IV. THE SEASONS. 



25. Diagram No. 15 represents the succession of the seasons 
) the northern and southern hemispheres respectively, which 
e represented separate to show the difference more plainly. 
p!he earth is represented in its journey round the sun in four 
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different positions, illustrating the four seasons-HSommer, 
autumn, winter, and spring. 

26. On the right side the position of the earth is represented 
as on the 21st June, which is the northern midsummer, and 
the southern midwinter. The northern hemisphere being 
turned towards the sun, has the greatest amount of sunshine, be- 
cause, as the sun rises earlier and sets later, the days are longer. 
The southern hemisphere, on the contrary, is on that same day 
turned away from the sun, and has, therefore, the smallest 
amount of sunshine. The days are short and the nights are 
long, because the sun rises later and sets earlier. 

27. On the upper side of the diagram the position of the 
earth is represented as on the 21st September, when the ecliptic 
crosses the equator, and when the days and nights are equal in 
both hemispheres. 

28. On the left side of the diagram the position of the 
earth is represented as on the 21st December, which is the 
northern winter and the southern summer. The southern 
hemisphere being now turned towards the sun, enjoys the 
greatest amount of sunshine. When it is midwinter in the 
north, it is midsummer in New Zealand and Australia. 

29. At the lower side of the diagram the position of the 
fearth is represented as on the 21st of March, when there is 
again an equality between the days and nights in both hemi- 
spheres. On the 21st of September the ecliptic crosses the 
equator descending: on the 21st of March it again crosses 
the equator ascending. The former is the Autumnal equinox : 
the latter is the Vernal equinox. 

30. As the orbit of the earth is not a circle but an ellipse, 
as will afterwards be explained, the sun is not exactly in the 
centre, — and therefore the earth must be nearer to it in one part 
of its orbit than the other. But, as the earth travels along the 
portion nearest to the sun in the northern winter, and along 
the portion furthest from the sun in the northern summer, there 
is a slight alleviation of the wmter's cold and the summer's heat 
in the northern hemisphere, and a slight aggravation in the 
southern. 
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V. GRAVITATION AND THE LAWS OP 
MOTION. 

31. Every particle of matter is attracteil by every other 
irticle, and is incliaed to fall towards it with greater or less 
Telocity. This kind of attraction is called gravitatioji, and re- 
gulates the movements of the heavenly bodies, 

39. The mass of the earth ia so great, that, at its snrffice, 

body falls sixteen feet one inch during the first second of its 

If the mass were greater the fall would be more rapid, 

33. The velocity of the fall ia the same whatever be the 
light of the body falling. For example, a stone weighing oue 

pound will fall to the ground aa quickly as a atone weighing 
twenty pounds. In otlier words, one pound will fall to the 
ground as quiclily as twenty, whether the twenty be in one 
piece or in twenty pieces. 

34. The force of attraction decreases according to the square 
of the distance. For example, if one body is attractai to 
another at the distance of one foot with a force of four poundn, 
at the distance of two feet, aa the square of 2 ia 4, the force 
irill be diminished /wur times, — that is to say, instead of being 
four pounds, it will be only one. 

35. A body in falling increases in velocity as it falls ; the 
space through which it falls being as the square of the time in 
falling. Pot example, a body falling one fathom in one second, 
will fall four fathoms in two seconds, nine fathoms in three 

ionds, and sixteen fathoms in four seconds, 

36. When a. body is propelled by a single blow, it will 
love in a straight line through equal spaces in equal times, if 
10 other force interfere with its motion. For example, a stone 

moving ten feet in one second will continue to move in the 
same direction with the same velocity, unless it be retarded by 
the resistance of the air, or attracted downwards by gravitation. 
The continued resistance of the air would gradually exhaust 
the force with which it had been propelled, and the attraction 
of the earth would make it move in a curve downwards. 

37. A body pKjjected horizontally will fall to the giound at 
distance, at the veiy same moment that it would have reached 
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it, supposing it to have been dropped on the spot. For ex- 
ample, if one ball be projected horizontally from a high ^plat- 
form, and another ball be allowed to drop from the same plat- 
form at the same time, they will both reach the ground at the 
same instant. This law is illustrated by. diagram No. 9. 
Supposing that a stone were dropped from the platform A, it will 
have reached the pomt B at the end of the first second, the point 
C at the end of the second, D at the third, till it reaches the 
ground, E at the fourth. Let us also suppose that another 
atone were projected horizontally in the direction P, it would 
reach the point G at the end of the first second, H at the end 
of the second, J at the end of the third, and K at the end of 
the fourth, provided that the earth's attraction did not draw it 
downwards ; but as the stone that was projected will fall with 
the same velocity as the stone that was dropped, the two 
motions will be combined in the curved line A K. 



VI. ORBITS OF THE SOLAR SYSTEM. 

38. The planets and comets of the Solar system move 
round the sun, not in circles, but in ovals or ellipses of different 
kinds. This is a law which was discovered by Kepler, and 
was proved by Newton to be a necessary consequence of the 
laws of gravitation, as explained in the previous chapter. 

39. The motion of the planets round the sun is produced 
by the combination of two forces. One is the attraction of 
the sun called gravitation ; the other is a projectile force at 
right angles to the line of attraction. The former, if alone, 
would make the planets drop down in a straight line into the 
sun ; the latter, if alone, would send them off in a straight line 
away from the sun ; but both combined make them move in an 
ellipse. 

40. The diagram No. 14 illustrates the combination of the 
two forces which produces the elliptical orbits of the moon and 
the planets. Let a represent the earth and h the moon. Let 
us first suppose that there is no projectile force, but that the 
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moon is allowed to drop to the earth, it would theu fall in the 
straight line c. Let us nest Buppoae that the moon received 
an impulse in the direction rf without being attracted to the 
^rtii, it would then move in the atraight line b d. Let ua, in 
Hie third place, euppoee that the moon receives a sUg'ht impulse 
'to the direction d, while the earth attracts it by the force of 
gravitation, it will then move neither in the straight line & d, 
nor in the straight line b c, but in the curved line b e. Let 
ns, in the fourth place, suppose that it receives a somewhat 
Blronger impulse in the same direction, it will then fall in the 
line bf. Let us again suppose that it receives a still stronger 
Impulse, it will in that case clear the earth altogether, and will 
come round on the other side, returning to the point b from 
which it set out, and continuing to revolve round the earth 
nearly in the circle bg. Were the impulse to be still stronger, 
the orbit would assume the form of an ellipse b k, the character 
of which will hereafter be more particularly referred to as one of 
the conic sections, (See diaffram No. 8). A still more violent im- 
pulse would send it in the Ime h h, which is another conic 
section called the parabola, {See diagj-am No. 11), by which it 
would never retuni to the ori^al point b, 

41. An elUpse is a section of a cone produced by a plane 
passing obliquely through its opposite sides, {See diagram 
jfo. 8). A parabola is a section of a cone parallel to one of its 

38. {See diagram -^o.n). 

42. An ellipse may be formed in the following manner : 
[ft. Tie together the two ends of a thread so as to form a loop. 
!d, Stick two pins in a board and throw the loop over them ; 

and Sd, Tighten the loop with a pencil, and draw a figtire 
round the pins as large as the thread will permit. That figure 
will be an ellipse, and will have this remarkable property, that 
the two lines drawn from the two pins to any one point will be 
'together equal to the length of the larger axis. The two pins 
'represent the two foci of the ellipse. (See diagram No. 10). 

43. Diagram No, 10 represents an elhpse. A B are the 
two foci. C D is the major axis. E F is the minor axis. Two 
lines drawn, one from each focus and meeting at any one 

circumference, have their sura equal in every case 
r axis ; consequently, all such united lines must he 
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equal to one another. For example, the two lines meeting at 
O have their sum equal to those meeting at E, or any other 
point in the circumference, if they start from the two foci. 

44. When a planet or a comet revolves round the sun in an 
elliptical orbit, the sun is not in the centre of the ellipse, but in 
one of the foci. In like manner, when a moon revolves round 
a planet, the planet is not in the centre, but in one of the f od 
of the ellipse. (See diagram No. 16.) 

45. The nearer that the two foci of an ellipse are to one 
another, it approaches the more nearly to a cirde. The more 
distant they are, the eccentricity is the greater. 

46. The planetary orbits are nearly, though none are alto- 
gether, circular : the orbits of the comets are very eccentric, 
having their foci at great distances from one another. 

47. When a planet is at its greatest distance from the sun, 
and begins to come nearer, its velocity increases till it arrives 
at the point at which it is nearest and has its greatest velodty. 
After that, its speed gradually diminishes until it again reaches 
the point at which it is furthest distant. In the former case, 
it is like a pendulum moving downwards, in the other case, it 
is like a pendulum moving upwards. 

48. A line drawn from the focus in which the sun is placed, 
to the planet as it moves in its orbit, is called its Radius 
Vectoh. The point in the orbit which is furthest from the sun 
is called its Aphelion. The point which is nearest is called 
its Perihelion. 

49. Kepler discovered that the Radius Vector, in its journey 
with the planet round the sun, describes equal areas in equal 
times. For example, diagram No. 16 represents the orbit of a 
planet divided into twelve parts, each division showing its 
motion during one month of its year. The area of each division 
is the same as that of the others, because the motion of the planet 
at its Perihelion is quicker than at its Aphelion. This is 
called Kepler's second law. (For Kepler^s first law, see No. 38). 

50. Kepler also discovered that the time of a planet's revo- 
lution bears a certain proportion to its mean or average distance 
from the sun. That is to say, the square of its periodic time is 
proportioned to the cube of its mean distaiicen This is called 
Kepler's third law* 
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Vn. THE MOON-EOUPSES. 

travels round the earth in its orbit as the 
travels romid the euji. But aa the sun shines on only 
one aide of the moon at once, and we do not always see the 
side which is illuminated, the moon presents different phases 
to the earth. {See diagram No. 17). 

52. The moon takes about 28 days to complete its circuit 
round the earth, and during that time it is contiuually changing 
its appearance. When the sun is upon the other side of the 
rjnoon we cannot see it at all, the bright side being turned 
{towards the suu and its dark side toward the earth. This is 
called the new moon, 

53. As the moon turns away from the sua, we begin to see 
a little of its bright side, like a thin crescent, which graduidly 
broadens into a half moon (which is its first quarter), and 
then into full moon (which is its second quarter). From that 
time it begins to wane, till it becomes again a half moon 
{which is its third quarter), and then a thin crescent as before, 
till it disappears altogether aad commences again a new moon. 
■IThese are called the phases of the moon, and are represented 

liagram No. 17. 

54. When the moon comes between the sua and the earth, 
i«o as to hide it either wholly or in part, it is called an Eclipse 

"the sun. On the other haud, when the earth comes between 

'the sun and the mooii, so as to darken the moon, it is called 

ecUpae of the moon. In the one ca.^ the moon casts its 

ihodow on the earth ; in the other, the earth casts its shadow 

the moon. But as the shadow of the earth is much larger 

the shadow of the moon, the eclipses of the moon are 

luch more frequent than the ecUpses of the sun. 

If the patiis of the sun aud the moon were in the same 
plane, thero would be two eclipses every month ; one of the 
8uu, the other of the moon ; but as they are not in the same 
plane, but cross one another at two points, called the moon's 
nodes, there can never lie an eclipse except when both sun and 
^moon happcu to be at these points at the same time. The sua 



16 ASTRONOMY. 

is eclipsed when they are at the same node; the moon is 
eclipsed when the sun is at one node and the moon at the 
other. 

56. Diagrams Nos. 18 and 19 illustrate the eclipses of the 
sun and moon. On the left side, No. 18 represents an eclipse 
of the sun ; on the right, No. 19 represents an eclipse of the 
moon. As the comparative sizes and distances of these bodies 
cannot be combined in any diagram, great exaggerations have 
been necessary to illustrate the causes and the effects of an 
eclipse. 

67. Diagram No. 18 represents an eclipse of the sun by the 
moon casting its shadow on the earth. In the centre of the 
shadow is a dark spot, upon which the sun does not shine at 
all. On that part of the earth the eclipse is a ' total eclipse ;' 
but this can take place only when the sim is farther, and the 
moon nearer than usual. The dark spot travels across the 
earth, as the moon moves on in its orbit, till the eclipse is past. 
On each side of the dark spot, or rather round about it, there 
is another shadow not nearly so dark, called the penumbra ; 
and in all the places over which this penumbra passes there is 
a partial eclipse of the sun — that is to say, only a part of the 
sun's disc is hidden. (See diagram No. 20). 

58. When the sun is nearest to the earth, so as to appear 
large, and when the moon is farthest away, so as to appear 
small, the moon does not cover the whole surface of the sun, 
even when the centre of the one is on the centre of the other. 
This is called an annular eclipse, because the sun appears in the 
form of a ring. (See diagram No. 21). 

59. On the right side, diagram No. 19 represents an eclipse 
of the moon, by its coming within the shadow of the earth. As 
the shadow of the earth travels over the moon, the nioon is ob- 
scured without being entirely hidden from view, until it emerges 
from the shadow on the other side. As the shadow of the earth 
is larger than that of the moon, an eclipse of the moon is not 
only more frequent, but lasts longer than an eclipse of the sun. 

60. An eclipse of the moon, wherever it can be seen, appears 
the same in all parts of the earth, and is seen by all at the same 
time ; but an eclipse of the sun is visible only in some parts of 
the earth, and does not appear alike to all. To some places, 
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it may be a total eclipse, in others only partial, while to 
all the places beyond these there is no eclipse at all. As 
the shadow amst travel over the surface of the earth, 
the even time of the eclipse must be difierent in different 
CO lui tries. 
_ 61. Diagram No. 20 represents the appearance of the 
1 during a partial ecUpsc j No. 22 represents the appear- 
a total eclipse. The bright radiance around is called 
e Corona. There are also red prominences near the smface 
^tbe sun. 



VIII. THE TIDES. 

62. In section No. 31 it was stated that every pariicle of 
matter is attracted by every other particle of matter in the 
imiverse ; and that tlie force of the attraction iucreaaes as they 
come nearer to one another. For that reason the moon attracts 
that part of the earth which is nearest to it more powerfully 
than it attracts the centre, and it attracts the centre more 
powerfully than it attracts those parts which are furthest 
j«way. 

~ 63. By this means a tide is raised on both sides of the 
because the solid earth is drawn away from tho water on 

farther side, as much as the waters on tho nearer side are 
drawn away from. it. They are all moved from their places, 
but they are moved in different degrees. The waters nearest 
to the moon are drawn three degrees, the earth itself is drawn 
tieo degrees, and the waters furthest away from the moon are 
drftwn one degree nearer to the moon. 

64. Itiaevident, therefore, that it is not simply the attraction 
of the moon that causes the tides, but the difference of the attrac- 
tion at different distances. If the attracting body were at an 
infinite distance, if tliat were possible, there might be as 
much force of attraction, but there would be no tide, because 

the parts would be equally near, and therefore equally 
ited. 
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65. For this reason the san produces a smaller tide than 
^ the moon, although the force of its attraction is a hundred 

times greater. The sun draws the waters of the ocean a great 
deal higher than the moon does ; but as it draws the earth 
and the waters on the other side, almost in the same proportion, 
the tide is less, because the difference is less. {See diagrams 
No. 23 and 24.) 

66. Upon the same principle, a very small body, if it were 
near the earth, might produce a ^gantic tide that would de- 
luge the earth ; not because it would attract the waters more, 
but because the difference of the comparative distances would 
be greater. 

67. Diagram No. 28 will illustrate the theory of the tides. 
Let A be a ball of iron representing the earth, and let B and 
C be small pieces of iron representing the waters on each side 
of the earth. They are all suspended by threads from the 
ceiling, so that although they hang freely they touch one 
another. Let us now suppose that a powerful magnet, repre- 
senting the moon, is brought to the position occupied by the 
sun in Diagram No. 25, the immediate effect would be to 
attract all the three towards the magnet, but in different 
degrees. The piece of iron B, representing the waters 
nearest to the moon, would be drawn to the position B'. 
The ball of iron A, representing the earth, being further from 
the magnet, would not be drawn quite so far, but only to the 
position A'; while 0, the piece of iron representing the waters 
furthest from the moon, would be less attracted than either, 
and would only come to the position C ; proving that there must 
be a tide on the side farthest from the moon, equal to the tide 
on the side that is nearest. 

68. If the magnet were brought nearer, the three objects 
would not only be drawn further on by the greater power of 
attraction, but would also be further separated from one 
another, because the difference of their distance would be 
greater in proportion. 

69. For the same reason, were the magnet removed to, 
say, double the distance, the three objects would not only fall 
back nearer to their original position, but they would also 
fall closer together. In order still more clearly to illustrate 
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tlie theory of the tides, we shall suppose that the magnet 
is still kept at double the distance, and that the power of its 4 
attraction is increased to such an extent that it is able to draw 
iron ball to the position A', it would be found that the iron 
would not come so far as B', and that the irou C would 
further than C. The reason is, that the attracting body 
being far away, would attract them more equally than when it 
was near. 

70. We have shown that both sun and moon produce tides, 
but that the tide produced by the moon is much g^^eater than 
itliat produced by the smi. They are really different tides ; but 
'""ley sometimes miite to form one great tide, called the Stream 

71. Biagram No. 24 represents the two tides separate, the 
ebb of the one tide counteracting the flow of the other ; this ia 
called the Neap tide. Diagram No. 23, represents both tides 
united, called the Stream tide, in which the ebb and flow of the 
sun's tide are added to (instead of being deducted from) the 
ebb and flow of the moon's tide, 

72. The tides are produced by astronomical causes ; but 
when viewed as astrouonucal effects, they are so exceedingly 
minute, that if represented upon paper, no microscope would 
enable us to distinguish them. For that reason, the tides are 
enormously exaggerated in the diagrams. The difference lie- 
tween 8001) miles of the earth's diameter and a few feet of water 
is so great, that it is only because man is astronomically a micro- 
scopic animal upoa the earth, that he is able to observo tbem. 



RETROGRADE MOTION OF PLANETS. 



. If we could stand upon the bud and see the planets 
travelling in their orbits, they would appear to na to move 
round the heavens in perfect symmetry and order ; for although, 
"^e the hands of a ivntch, they have different velocities, the 
totion of each would, ou the whole, be uniform. But as the 
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earth on which we dwell is constantly chan^ng its position, their 
motions, as seen by us, appear to be very irregular. Sometimes 
after moving rapidly along, they gradually slacken their pace, 
stand still, move backwards, and then, after again standing stUl, 
again travel onwards on their journey as before. This is called 
the retrograde motion of the piknets. 

74. In regard to Venus and Mercury, which are nearer the 
sun than the earth, it is easy to understand how this should be 
the case. Mercury, for example, is always near the sun ; ani 
as the sun appears to travel round the whole heavens every 
year, Mercury must travel with him. But supposing the sun 
to stand still, we should see Mercury circling round the sun 
in its orbit, so as to appear going forward during one half 
of its revolution, and going back during the other half in a 
very flattened ellipse, thus— 






•4t** 



It is evident that if we combine this motion with our own 
journey round the sun, we should see Mercury, not travelling 
like the sun, in a straight line, but travelling in a series of 
loops thus — 




75. The same appearance is presented by the outer planets, 
as illustrated in diagram No. 25. Let a represent the earth 
m its orbit round the sun ; let « be the superior planet travelling 
more slowly in its orbit. It is evident that when they come 
into conjunction, and when the earth passes its more sluggish 
companion, the path of the superior planet will take the form 
of a loop, as at L 
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X. PRECESSION OF THE EQUINOXES. 

76. In the last chapter, we have seen that the tides are 
produced by the sun and moon attracting* the side of the earth 
nearest to them more strongly than they attract the side furthest 
away. There are other effects produced by the same cause, 
which we will now shortly describe. 

77. The earth is not a perfect sphere, being flattened at 
the poles like an orange, and swelling out at the equator. This 
swelling at the equator produces a remarkable effect on the 
motions of our planet, in consequence of its axis not being per- 
pendicular. 

78. This excess of matter being higher on one side of 
the ecliptic, and lower on the other side, is unequally attracted 
by the sun and moon ; and if it were water it would rush up 
to the ecliptic on one side, in order to be nearer to the 3un, and 
down to the ecliptic, on the other. 





As the excess of matter, however, is not water, it cannot move, 
but the tendency is the same ; and therefore the sun and moon 
draw the equator towards the ecliptic, tending to bring the axis of 
the earth's rotation perpendicular to the plane of its orbit, thus — 





79. This would be the necessary effect on the earth were 
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it not that it revolves on its own axis, and thus enables every 
particle on the equator to yield to this attraction without alter- 
ing the inclination of the poles. But in doing so, the earth 
is drawn a little sideways, so as to meet every particle on the 
equator before it has completed its half revolution. The journey 
is thus shortened, and the arc, which every particle describes, 
is less, and therefore nearer to the ecliptic. In this way the 




poles are continually yielding to this force, by moving sider 
ways in a circle ; but the movement is so slow that it requires 
24,450 years to complete it. This is called the precession of 
the equinoxes. It has been, necessary, in these diagrams, to 
exaggerate the differences to an enormous extent, because 
otherwise they would not be visible. 

80. It is a remarkable circumstance that this twofold 
motion of the earth is illustrated by the twofold motion of a 
child's top. When a top is made to spin, it not only turns 
rapidly upon its own axis, but its axis also revolves slowly in 
a circle, as shown in diagram No. 31." This second motion is 
produced by the very same cause that produces the revolving 
of the poles of the earth, as shown in diagram No. 32. 

81. This revolving of the earth's axis, in order to make the 
equator meet the ecliptic a little sooner than it would other- 
wise do, has the effect of making the crossing points (that is 
the equinoxes) move onwards. This is illustrated in Diagram 
33. A is the pole of the ecliptic, round which the pole of the 
earth c revolves in the waved circle f—fi The circle BB re- 
presents the ecliptic ; and as the pole of the earth changes 
its position, the point at which the equator d crosses the 
ecliptic must also change. As the distances of the stars 
are measured from the spring equinox, astronomers must 
always make allowance for this change. Two thousand years 
ago the spring equinox was in the sign Aries ; it is now in the 
sign Pisces. 
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XL NUTATION OP THE POLES. 

82. We have shown that the precession of the eqninoxea 
is produced by the same canae as that which produces the 
tides ; but there is another point of resemljlatice, because the 
'Nutation op the Poles' might be called the stream tide and 
neap tide of the precession, and these take place every nineteen 
years. 

83. If the path of the sun and the path of the moon were 
line, the precession of the equinoxes would be the 

ly effect produced by the excess of matter at the equator; 
the moou has a period of nineteen yeara, during the 
first half of which it is more distant from the equator than 
it is dnring the other half, the consequence is, that during the 
first half it is able to draw the equator further than it can do 
duriDg the other half. 

84. The effect of this is to give a nodding motion to the 
pole, and to make a waring line in its circuit round the pole of 
-the ecliptic. The plain circle is thus converted into a figure like 

toothed- wheel, with as many teeth as there are nineteen years 
24,450. (5m Diagram No. S3.) 



Xn. THE HARVEST MOON. 



85. In antumn, when the days and nights are equal, the 
sua sets at sis o'clock, and the full moon rises at the same 
boor, so that at that season the sky is never dark. If it con- 
tinued so, it wonld be exceedingly convenient for the farmer, 
because it would enable him to continue his harvest operations 
after the sun bad set. 

86. But although the eun takes 365 days to travel ronnd 
the heavens, the moon completes its journey in 28 ; so that, 
on an average, it rises 52 minutes later every day. If, there- 
re, the full moon rose at six o'clock one day, it would not 
e till ^>oat seven the next, a quarter before eight the thbd 
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day, and so on, so that the farmer would be in darkness at 
sunset. .... 

87. In autumn, however, as if to benefit the farmer, and 
enable him to gather in his harvest speedily, the moon rises 
for several days at nearly the same hour, and this is what is 
called the Harvest Moon, the explanatian of which is as 
follows : 

88. We have said that the moon travels round the heavens 
in about 28 days, and, therefore, if her orbit were parallel with 
the equator, she would rise regularly 52 minutes later every 
day. But as her orbit is not parallel with the equator, the 
difference in the time of rising is at one part much more than 
52 minutes, and at another time much less. 

89. In diagram No. 26 we see the moon's orbit crossing 
the equator at the autumn equinox, at a very great angle : its 
downward progress in its orbit therefore is very steep and rapid ; 
so that the earth has every day to revolve a great deal further 
to meet it, and thus the difference in the time of rising is much 
more than 52 minutes. 

90. In diagram No. 27 we see the moon's orbit crossing 
the equator at the spring equinox at a very small angle, so 
that its progress is neither steep nor rapid, and therefore 
the earth in its revolution meets it at nearly the same hour 
every day. 

91. Now, when the moon happens to be full when crossing 
the equator at the spring equinox, rising nearly at six o'clock 
every night, the sun must be in the opposite equinox — ^that is, 
the autumnal; and as that happens on the 23d September, the 
harvest moon must always be within a fortnight of that day. 



XIIL THE REFRACTION OF LIGHT. 

92. A ray of light coming from a star and entering the 
earth's atmosphere is bent downwards, causing the star to 
appear, to the eye of an observer, as if it were higher than it 
jieally is. This is caused by what is called the refraction or 
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^^B landing of tbe rays oF light ^hoa passing from a rarer to a 

^^P denser medium, or from a denser to a rarer medinm. 

^* 93. The atmoaphere by whicb we are siurounded decreases 

in density as it ascends, until, at a distance of from fifty to a. 

hundred miles, it altogether disappears. Beyond that height 

the medinm through which Ught travels is called Ether. As 

»the density of the atmosphere increases with its depth, the 
lefraction of the rays of light fi'om a star increases as it 
approaches the eartii, as represented in diagram No, 35. The 
rays of light comiug from the star A, on euteriug the earth's 
atmosphere, are bent downwards until they reach the eye of an 
observer at B ; but, on account of tbe direction in which the 
I rays come to him, the star appears to be bigher tLan it really 

■is. It seems to him as if it were at C, whereas it is really 
WA. 
04. A very simple illustration of the refraction of light is 
shown in diagram >"o. 36, Put a coin at the bottom of a basin, 
and retire from it till it disappears, on acconnt of the rays being 
intercepted by the side of tiie basiu. Pour in water, and tbe 

coin will reappear, aa if it had been lifted up into sight. This 

^^^«£ect is produced by tbe rays of light from the coin being bent 
^^Hi4x' refracted, on coming out of the water into the air. 
^^^ 95. The same effect would have been produced if, instead 
^^^■f water, the basin bad been filled with glass, or if the coin had 
^^Heen covered with a thick plate of glass. Diagram No. 37 
^^Hepresents the section of a lens, by which tbe rays of light are 
^^^■sfractcd at different angles (according to the surface at whicb 
^^P^ey enter and come out), so as to be gathered and coucentraled 
^^Bat a single point. The sun's rays may, by means of a lens, be 
^^HpcHiC8Dtrat«d on one point, so as to produce intense heat. 
^^K 06. While light (that is, colourless hgbt) is composed of 
^^^■Bys of many dilTerent kinds, and may be opened out Uke a fan, 
^^^■y being sent through a prism. {See Diagram No, 38.) The 
^^^Bifferent rays are subject to different degrees of refraction. 
^^^Kbe red rays seem to go with more force than tlte others, as 
^^^biey are least bent on passing through a prism. After them 
^^^■re the orange, then the yellow, green, blue, purple, and violet 
^^Krays, whicb are most of all refracted. This is called the dis- 
^^Fyersion of the rays. There are other rays, however, besides 
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the rays of light. Beyond the red rays are the caloric or 
heat rays ; and beyond the violet rays are the actinic, or rays 
of chemical power. 



XIV. TELESCOPES. 



97. There are two kinds of telescopes, refracting telescopes 
and reflecting telescopes. In the refracting telescope, the light 
is made to converge by passing through lenses of different kinds ; 
in the reflecting telescope, the light is reflected from a speculum 
or concave mirror, so as to bring the rays into a focus. 

98. Diagram No. 34 illustrates the general principles upon 
which a refracting telescope is made. The telescope consists 
of two lenses, E and H. E is called the object-glass, and H 
the eye-glass. An object at a distance is supposed to send its 
rays to the object-glass E. The rays from the top of the object 
are A B. The rays from the bottom of the object are C D. 
The rays A B are refracted to a focus at F, and the rays C D 
are refracted to a focus at G, so that a perfect image of the 
object is formed at G F, but it is turned upside down. By 
means of the eye-glass H, the focus of which is at G F, the 
eye can see the image of the distant object as if at G F. 

99. A reflecting telescope is made by placing at the bottom 
of a closed tube a metalic speculum highly polished and concave, 
to receive and reflect the light that enters the tube. The rays 
are reflected so as to converge to a point or focus at the upper 
end where the image is formed. A small mirror placed ob- 
liquely at that point reflects the image to the side, where it 
can be viewed by an eye-glass through a hole made for the 
purpose. 

100. An improvement was suggested by Le Maire, which 
dispenses with the mirror at the upper end. The speculum is 
turned a little, so as to send the image to the side instead of 
to the centre of the tube, and by this means, the image being 
viewed directly, is much brighter and more distinct. 
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101. Lord KoBse's reflecting telescope is the 1&rg«st and 
moat powerful in the world. The apeciilmn is six feet in 
diameter, and weighs nearly fonr tous. Its focua is fifty- 
four feet distant from the speculum, and by its means we 
can see into the heavens five hundred times farther than by 
the naked eye. A view of this telescope is given in d'agrnm 
No. 30. 






XV. ABERRATION OF LIGHT. 

103. What is called tlie aberration of light is a change in 
the apparent position of a star, caused by the inoti<ai of the 
krth. 

103. When a child is seated on a swing, although the air 
ly be perfectly calm, he feels as if the wind were blowing in 

■heu he swiugs forward, and blowing on his back 
■when he svrings backward. The air does not move toward 
him, but, aa he moves toward the ur, the effect is exactly the 
same. 

104. In like manner, if we stand still when it is rwning, we 
hold the umbrella perpendicularly to escape the rain. (See Dia- 
gram No. 40.) But if we run, we point the umbrella forward; 
because, although the drops fall perpendicularly, the effect to 

is the same as if they fell in a slanting direction. {See 
iagram No. 39.) 

105. Light travels with great velodty, but it is not instan- 
taneous. When therefore the shower of rays falls from any 
part of the heavens while the earth is in motion, we must point 
our telescopes (rery slightly) in the direction in which the earth 
is travelling, in order to catch any one of them. 

106. This is illustrated iu diagram No. 41. Supposhig that 
ft ball were dropped over a tube which is at rest, the tube must 
be perpendicular in order to receive it as it falls. But let us 

ippose that the tube is mounted on a carriage, and that the 
rapid motion, it is evideut that we must point the 
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tabe ia the direction in which the carriage is travelling in 6rder 
to allow the ball to pass through it without touching its sides. 
As regards the ball itself, it is falling perpendicularly, but as 
regards the moving carriage, it is falling obliquely. So it is in 
regard to the rays coming from any of the stars ; as regards 
the rays themselves, they are falling in a direct line ; but as 
regards the earth, which is in motion, they are falling obliquely 
in the direction in which the earth is travelling. 

107. As the path of the earth is not straight, but circular, 
the telescope must turn round in a circle, or ellipse, to follow 
each star ; and for that reason the star appears to move in an 
excessively minute ellipse, although it is really standing still. 
If the earth were to stop, the star would instantly appear in 
the centi-e of the ellipse. 



ZVI. PARALLAX. 



108. When we are travelling on a road, the objects on either 
side appear to be changing their position as we move along. 
On one side, a star is shining directly over the top of a hill ; 
while a tree is exactly between us and both of them. But as 
we move forward, the tree is left behind, while the star and 
the hill appear as before. After some time, however, as we 
proceed, the hill also is observed to be moving away from 
under the star, and the star alone retains its original place. 
By this means we know that the tree was nearer than the hill, 
and that the hill was nearer than the star. 

109. This illustrates what is called Parallax, which means, 
the apparent change of position which any object undergoes when 
mewed from two different points of observation, 

110. By means of parallax we can calculate the distance of 
any object, even though it be beyond our reach, provided that 
we know the distance between the two points of observation. 
For example, in diagram No. 42, the height of the tower D 
may be measured by comparing the angle DBA with the angle 
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■ DAB, provided that the length of the line A B (called the 
rbase line) has befn acciiratelj aacertamed. 

111. If the tower be near, the difference of the angles will 
be great, if it be far away, the difference will be email. In 
like manner, if the base tine be short, the difference between 
the angles will be small ; whereas, if it be long, the diffei'ence 
will be gi'eat. For that reason, it is of importance to get long 
base lines in order to measure great distances. 

112. The star C is so distant that the base line A B is too 
short to measure it, because, when viewed from either point, 
the angle is the same. If we attempt to measure the distance 
of a star, we must have a much longer base hne ; that is to 

tsay, we must find two places for observation which are sufS- 
cientlj distant from one another. But there are no two places 
on earth sufficiently distant from one another to enable us to 
measure the distance of a star ; and yet the distance of the 
moon has been very accurately measured in this way. 

113. What is called the A'uniai /'am/fiw; provides a longer 
base tine than any two places ou earth, and is obtained by 
means of the rotation of the eart>h on its own axis. The base 
line of the diurnal parallax is the distance travelled by an 
observatory during so many hours of the earth's rotation. The 
longest line obtained by this means is the diameter of the 

t earth at the equator, which is nearly 8000 miles. 
114. In diagram No. 42, the semicircle A E B represente 
the motion of the earth during ooe-Iialf of its revolution, and, 
fn that connection, A B is the base hne which stretches be- 
tween the position of the observer at six o'clock in the even- 
ing, aud six o'clock iu the morning, and which is several 
thousand miles long. It was by such a base line that the die- 

ttauce of Mars was discovered. 
I 115. TiiQ AiiTmal Farallae gives a still longer base line, and 
JB the longest possible. It is the diameter of the earth's orbit 
round the sun, as represented under diagram No. 42.. The 
length of this base hne is 122,000,000 of miles ; and by tmvel- 
ling with the earth in its orbit, and viewing a star 6rat in July 
and afterwards in December, or first in Marcii and afterwards 
Will September, we get two views, one at F, and the other at G. 
B 116. Yet so great is the distance of the vast majority of 
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the Btars, that evea with this enormouB base line, the angle is 
unchanged ; that is to^say, the base line is too short to show 
any parallax. These stars, therefore, must be many millions of 
times further away from the sun than we are. 

117. But some of the stars do shew a parallax ; and by 
means of that parallax their distance can be measured. The 
nearest fixjed star which has yet been discoyered is a Gentauri, 
but the distance of even this, the nearest, is almost incon- 
ceivable, being not less than 224,000 times greater than that 
of the sun. 



THE END. 



w. AKDA. K JomrsTOV, XDDfBUBOH Ain> iosdom: 



($eo3rapt)iml anit (Sbucattoital ffiorka 



^PhnuB 



W. & A. K. JOHNSTON, 

OEOaOAPHEBa 
KNHBAVEB3 *NO FBlNTEfiS TO THE Q^TEEW, 

BDIHBUBOH AND LONDON. 

L A E G E WALL MAPS, 

POLITICAL GEOGRAPHY. 






CehtuIi XcFKora. 



CLASSICAL SEOGRAPHr. 

^1 liuu Astitiu^ I A>u Kitox. 

T PHYSICAL GEOGRAPHY. 

WotLO IK BnniiFEXin. Eu»i^ Asu. Aruci. Annici. WoRLi>(Jirfri 
Euli FbjaicaJ Uip Ib uvomptnlnd bj ■ Hand-Book. with ■ Colonretl Skstcb Hi 

UNLETTERED LARGE WALL MAPS. 

1 E. ft W. HziQBPrtEE 





DNIFOEH SIZE AND PBICE, 
And aooompanied by a Hand- Book, Free of Charge. 



in Cloth (□dBulMc, 



W. 6^ A. K./ohnslon's Educational ana Geographical TVorks. 

SMALL WALL MAPS. 

EumK Hnnraiu. I Enouni. I Am*. 

WuinaB HiiusFHliu. Bouiuni, Afmc*. 

yKMUHMercatarJ. Uiukd. AitiBini. 

BnmaH leLH. 1 Euuui-K. | Cuajuc UR> Funrun. 

E. A W. HemlipheiH (dus Unp). OuriDt. UsirtD Suns, UmiCD, Ksa Wm Imu lauma 



mgtsg on ■ irtll. coaiiia- 
on OloUi and 
icied VatiX ^ Mtp 
m &B reqnlred, ind 




I 



ol GcDgraf hlctl Teimi, iciih OUaiarv. 
lUtvT. from lb? Cnistlon to the Fsll of ths 'Wcalcm 
QUI Emiilre, u;UA G!owarj/, 
Unlfonn in SEzs, Frioa, ud StylM ef SoontJoE, vith Oia SHAtX WALL KAFS. ' 



Chioiiiilagual Ohut ot Angiant E 



SERIES OF EDUCATIONAL HAND-BOOKS. 





Parts 














Pa 


'AHe.,A™ 
nEnglnB,' 

].reo PiriBlP* 


rlo»,»Da -World In H 
MMihkolisil Ponors 


mua Aialoiy and Physlologj 


la. 












bowbAtliu, 
l-AiiJS. 
































MAP OF EUROPE. 

Coloured, for BdncitlDnal pnrpmm. The RUen and HotuiBUm lioldlj dr 

IhenamM ofpliBae fso atid caielully Bolected. 

Ai>— C nun 5 Fur t lacsB. ¥tVin <m'&'i&«,'<(iiAdwA,b. 




KEITH JOHNSTON, LL.D. 



HAND BOOKS TO 

JOHNSTON'S WALL MAPS 

XHE advantnge of teaching Geography by constant reteronoo tn 
lar^p Wall Mapa is uow fully afpreciated and praotised in the 
higher claaB Bchools throaghonl the country. Learmng by toM troin 
booliB atone — lists of naniei with which no poailive geographical 
localities are connected, leada, tnevitahly, t^iadiatiiBtefor tbeBubjeet; 
and any little information so acqoired is Bpcedily tarcotten. Tlie 
eje,— tliat important auxiliary in the aequiaition of all knowledge 
dcpendiag on form — is thus virtually ignored, and progress in learn- 
ing ia sluw and unEatiefaciary. 

Assured that th« ujateni here adfocatcd would be still more 
generally adopted, if Tuxt Books were to be hod in which the names 
selected, and their ortljogiaphy, shoold be in perfect accordance with 
those on the Mitps. the Author has been induced to prepare a B<iparate 
Hand Book lo each of the Wall Haps of General Geography, similar 
io plan to those for his Wall Jlspa of Physical Geograpliy, which 
have been so well received. In these (land Books, broad general 
views are inculcated, and all unnecessary detail is avoided. Every 
place noticed has sometliing peeuljar, cither iu /wsi'fion, popalatitm, 
commerce, pntdactioia, ot hmory, to render it memorable. 

The text iutrodnccs Enbjccta uot usiudly tiLiight in schools, hut 
which, it is believed, will make the study of (Jcoytaphy fresh and 
atOactive to the young. Int^lligfnt tcaehers will here find surges- 
lions which may cuaMe tbcni to lay before their pupils comparative 
vitws of great inten'ii regarding different countriea and states. 

Teaching Iiists to accompany each of t)ie Hand Books, have 
iteea caretully prepared by ao laspector of Schools of great cipfn, 
enoe- Tln^to a£ford a ready means of testing the att;iinmentB of 
pupils itt BInp Geography, for acquiring a knowledge of wliicli tliey 
method. Every name given in these lisis is to hia 
A ID the Wall Maps to wliicb tliey refer. 

AlAny prarticnl a<1raiitngM will hv totind m this method of 
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Text Book, at one time. The diatrnctiou consequent o^ 
book ttnchiDg it thus avoided ; while, for u few ]ieQce, the pi^ 
aupplieil with lessoDs for a givvX part of a KeBaion, iind is n 
the Deoee^t} of cairving to auhool a bullcy rolatne, of whioh ari 
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Tlie Teacliing lAsw and Explanatory Text are farther adapWi 
he used with Unlettered Wall HspB, a aeries oE which, oihilu~ 
mg the pliysiL'al fi-aturee of eaeli cuutitiy with the positions of the 
principal towns, but omittiug the lutmes. has been prepared foir 
sfiboo) iiao. Tliese are employed either for testing the knowledge 
of a cltiw by pointing to the on-naraed Map on the W»ll, or for 
Ulling in the names as au ereteise for more adyanced pupila, For 
this purpose plain sheets are BU[>jilied by the Publishers. 
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HAND-BOOK OF ASTEONOMY. 



CELESTIAL OBJECTS. 



L METEORIC PHENOMENA. 

1. Shooting Btara and other meteors were formerly sup- 
1 to be the procIuctioiiB of onr own atmosphere ; it has 

How beoQ fully aecertained, that they do not belong to our 
planet, bnt are loose materials floating' in the Solar System, and 
falling to the earth on coming within the influence of its attrac- 
tion. 

2. There is reason to beUeve that meteoric snbstances are 
sprinkled, not only over the Solar Systom, bnt generally throng^ 
space ; and that niider the iaflnence of gravitation, and, it may 
be other forces, they have arranged themselves into groups or 
Byetems, many of which forming elliptical trains or rings, are 
now travelliDg round the sua io every possible direction. (See 
Chart, No I., (Figure 37.) 

3. The magnificent star shower which was seen on the 
night of 13th November 18G6, and which is represented in 
Figure 5, was caused by the earth on that evening passing 
through one of these trains at the part winch was the most 
densely crowded with meteoric matter. This ring or train 
has a period of revolution of about 33J years, and therefore 
although we have a star shower in November every year, the 
next great star shower will not take place till 1900, when the 
dense portion of the train will again cross the earth's orbit. 

4. The luminous appearance of the falling stars is caused 
^■liQr their taking fire oncoming in contact with om" atmosphere. 
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Having a velocity of about thirty miles a second, as soon as 
they arrive within 74 miles of the earth, the heat produced by 
their friction, in passing through the air, is so great that they 
immediately become incandescent, their velocity is retarded, and 
on coming within about 50 miles from the earth they disappear. 

5. While the earth is passing through the meteoric train, 
the point towards which the earth is travelling is the point 
from which the shooting stars seem to radiate ; and as the earth 
on that day is flying in its orbit in the direction of Leo, the 
radiating point of the November meteors is in that constellation. 
(See Figure 6.) 

6. Astronomers have counted upwards of fifty different 
periodical star showers, having different radiating points ; and it 
is supposed that each of these is produced by a separate group 
or train of meteorites. It has sJso been observed that these 
star showers are not all alike, but have each its own peculiar 
character and appearance. Some consist of larger and brighter 
meteors than others. They also differ in colour and velocity. 

7. Besides the shooting stars there are other kinds of 
meteoric phenomena. Some single meteors are so bright that 
they have been seen in day light, some of them exploding with 
a deafening noise. Some are so dense that they fall to the 
ground without taking fire, and are found to consist of solid 
iron and other metals. These heavy bodies are called meteoric 
stones, and generally vary in size from a few ounces to as many 
pounds. Others are of great magnitude. Mrs SomerviUe men- 
tions one which passed within 25 miles of the earth, and was 
estimated to weigh about 600,000 tons. It had a velocity of 
about twenty miles in a second. 



n. THE ZODIAOAL LIGHT (Fig. 1). 

8. This name is given to a peculiar glow in the sky which 
is occasionally visible in this country in the evenings of spring 
and the early mornings of autumn ; but in tropical countries it 
is seen at all seasons of the year, before sunrise and after sunset. 
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9. It stretches up from the horizon, where it is broadest, in 
a pyramidal or lenticular form, directly over the place where the 
ann has set or is about to rise ; and although its nature is not 
perfectly understood, it is generally supposed to be produced 
by the bght of the suo illumioating a great system of meteoric 
matter which revolves round the sun, and which extends be- 
ind the orbit of the earth. 



III. LUNAR MOUNTAINS (Fig. 4). 



■bnlt 



10. The moon when seen through a telescope has a very 
beautiful appearance, and is represented in Chart No. I., Figure 
32. On the lower part of the disc towards the right is a bright 
circniar spot, which is the mountain Tycho. From that as a 
centre there are bright streaks radiating all around, suggesting 
the form of a sphere with meridian lines. 

11. The darker portions of the moon's surface are extensive 
plains, having in general a circular boundary ; but the charac- 
terbtic formations of the moon are ring mountains of different 
sizes, which, when viewed through a small telescope, appearlike 
rings of burnished gold. 

12. The general appearance of the lunar mountains is re- 
presented in Figures No. 35 and 36, Chart I., and No. 4 of 
the present Chart. No. 4 is a characteristic specimen of the 
smaller formations which abound in the lower part of the moon's 
disc. All of them have a volcanic appearance, resembling the 
craters of our own volcanoes. So different are they, however, 
from volcanoes of our own world, that we cannot be sure 
that they are produced by the same causes. These lunar 
craters are very much wider than those of earthly volcanoes, 
and are never on the tops of monntains. The interior plain also 
is lower than the general surface of the moon, suggesting that 
they had been formed during the time that the outer crust was 
hardening, and after the liquid interior had begun to shrink in 

'k while cooling. 
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IV. STRUOTURE OP THE SUN'S DISO (Pig. 2). 

18. The surface of the sun consists of one vast globular 
sheet of flame called the photosphere. Beneath the photos- 
phere there are other cloudy strata, the nature of which is 
yet unknown. 

14. The photosphere is not one continuous sheet of flame, 
but is made up of innumerable single flames, shaped like willow 
leaves, rice grains, and other irregular forms. Their length 
may be about a thousand miles and their breadth a hundred. 
For this discovery we are indebted to the observations of Mr 
James Nasmyth of Penshurst, who has kindly supplied the 
drawing Figure 2, representing a solar spot. 

15. The spots on the sun are holes in the photos^Aere 
which enabled us to look down into the interior, where we can 
observe different shades of darkness with a dark nucleus in the 
centre. Even this nucleus, however, is not black, although it 
appears so in comparison with the dazzling photosphere with 
which it is surrounded. The lighter shade of the spot next the 
photosphere is called the penumbra, and the darker shade next 
the nucleus is called the umbra. 



' V. TOTAL EOLIPSE OP THE SUN (Fig. 7). 

16. Figure No. 7 represents a total eclipse of the sun, dur- 
ing which we are enabled to observe a very extensive but ex- 
cessively thin atmosphere surrounding the sun. This illumi- 
nated atmosphere is called the Corona, and shines partly by its 
own light and partly by the reflected light of the sun. 

17. This corona is not uniform all round. Not only are 
there bright rays stretching far out, but there are dark rifts 
reaching down towards the sun. 

18. There are also rose coloured prominences shooting up 
from the surface in fantastic forms, many thousands of miles 
high. These rose coloured flames have been ascertained to 
consist of incandescent hydrogen, and belong to a luminous 
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stratQtn surronnding the snn, called the chromoBphere, The 
rapidity with which these rose coloured flames change their 
place and form, indicates a rtate of commotion on the aun's 
BDrface, the violence of which it la almost impossible to con- 
cave. Lockyer describes one of these enormous jets which 
rose 27,000 miles high, and disappeared in ten minutes. The 
general height of the chromosphere from which they rose is 
about 5000 miles high. In Figure 3 will be found Bpecimens of 
tliese rose coloured flames, 

19, Besides the chromosphere, there is another envelope 
consisting of non-luminous metalic gas, lying above the photo- 
sphere, and absorbing its rays. It is by means of this atratitm 
I that we are enabled to discover the various substances preaeut 
wt the aun's surface, aa will now be explained. 



VL SPECTRUM ANALYSIS (Pig. 31). 






20. It baa already been explained, in connection with 
Chart No, II. (Astronomical Diagrams), that a prism has the 
pjwer of refracting — that is, bending — the rays that pass 
tkrough it so aa to throw upon a screen beyond it a spectrum 
or baud of coloured light corresponding with the hues of the 
lunbow, — red, orange, yellow, green, blue, indigo and violet,* 
4a represented in No. 31. 

2 1 . The reason why theae rays are separated is, that while 

■ Ths raya of oolonr are not fa.p«ble of ncting on any auJiBtance in Datare 
with whicb we are acquaio ted, except tbeLJviug Eye of au aniiuaL But there 
m other raja proceoding from tlie aun which are uot vidble, uid wLicli prove 
their eilBlonce and power by the wonderful chaugea whicli they are oontiDually 
produclDB upon nulore. There are the raya of Heit, which fall beyond the 
r^ rajfl at one end of the spectrnm, and the Actinic rays, which fall beyond 
the violet nya at the olhercnd. The eye, therBfore, ie perhaps the most re- 
marlctble uid conclnsiTe proof of an omnisdent, iutelhgeut, and beneficent 
Creator ; because, before He made the eye He muet have known of the aiiBtcuce 
ot these colonr raya, of which all nature waa then ancDnsdouB, and of their 
power to aflect a peculiar kind of aoimaJ tisooe, which He then made on purpose. 
-Pa.idv.9. 
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light oonedflts of many rays of different colonrs, some of which 
are more easily refracted than others. The red rays, which are 
not easily refracted, go in nearly a straight line, whereas the 
violet raySy which are most easily refracted, are bent farthest 
from the straight line. 

22. When a lime ball is heated to brilliancy by the oxy- 
hydrogen blowpipe, the light which it sends out consists of an 
infinite variety of rays, possessing every variety of refrangi- 
bility.* The consequence is, that when it is seen through a 
prism, the spectrum is continuous ; that is to say, every degree 
of ref rangibility, and every shade of prismatic colour, is repre- 
sented, without any blank in the whole range. 

23. But it is not so with light emitted from any incandes- 
cent gas, or from any solid or liquid body reduced to a statt 
of gas. That kind of light does not give a continuous spec- 
trum, but only particular rays, which fall upon particular parts 
of the spectrum, according to the particular substance whidi 
gives out the light. For example, in Figure 31 are representel 
the rays proceeding from the combustion of Iron, Sodiun:, 
Lithium, Nitrogen, and Hydrogen, every one of which differa 
from every other, and therefore if in the spectrum of any flamd 
we find these lines of colour, we may be certain that the sub- 
stance to which they exclusively belong is present in that 
flame. 

24. There is still another fact, however, to which we must 
call attention. Not only has every gas the power of giving out 
particular rays, it has also the power of absorbing or intercept- 
ing the same rays when light is passed through it — that is to 
say, if we send white light through the vapour of any sub- 
stance, instead of producing its own peculiar lines coloured 
upon a black ground, the absorbing vapour intercepts the rays 
which correspond with its own rays so as to produce these 
black lines upon a coloured ground. By this means we are 
able to discover not only what substances are produdng the 
light, but also what substances are intercepting it. 

* Not only the light from the lime ball, but light emitted by a candle or gas 
flame, or any solid or liquid body, so long as it is liquid or solid, has also a 
continuous spectrum. 
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2S. Astronomei-a bare for Bome time been engaged in ex- 
amining the light which comes from the different heavenly 
bodies, and they have discovered that, with few exceptions, the 
rays coming from these distant orbs are identical with the light 
produced by well known snbstances on earth. 

2G. The light which comes from the sun has been ex- 
amined with iijstnimenta of great precision, which have pro- 
duced the spectrum eleven feet long, and which have shown 
iu that spectrum several thousands of dark lines, every one of 
which has its peculiar position, and indicat«s the presence of 
some particular substance in the sun's atmosphere; 470 of 
these lines belong to iron alone. 

27, Besides the iron it has been found that sodium, mag- 
nesium, barium, copper, zinc, calcium, chromium, nickel, man- 
ganese, cobalt, titanium, and hydrogen, are also present in the 
suu's atmosphere. But as the lines are black upon a coloured 
ground, tliey must be produced by the light passing tirough 
an outer envelope containing these substances, each of which 
absorbs or intercepts its own kmdof rays, so as to prevent them 
from appearing in the spectrum. 

The light proceeding from the moon and the planets 
)ias been examined by the same instruments, and it has been 
found that the same lines appear in their spectra that are found 
■in the spectrum of the sun. The reason is, that it ia the sun's 
light that is reflected from them. 

29. The spectra of the fixed stars resemble that of the sun 
in having dark lines upon a coloured ground ; but the lines are 
not the same. Some of the substances found in the spectrum 
of the sun do not appear iu them ; and some of the substances 
found in them do not appear iu that of the sun. The foUowiug 
are specimens. (See Figure 91.) 

30. The spectra of the true nebnlaj differ from those of 
the stars. Instead of having dark lines on a coloured ground, 
they have coloured lines on a dark ground, showing that the 
Eght comes direiitly from incandescent gases, without having to 
pass through any gaseons atmosphere which would intercept 
or abaorb any portion of it. 
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VIL DOUBLE AND OOLOURED STABS. 

81. A large number of the fixed stars when viewed throng 
the telescope are found to be double. That is to say, there are 
two stars so close together that they appear to the naked eye 
to be only one. In general there is a large star with a small 
companion near it, but there are also some in which the two are 
nearly of equal magnitude. Many of these double stars pre- 
sent also striking contrasts of colours, one of the two being 
perhaps red and the other green ; or, one being white and its 
companion purple. 

32. There are also apparently single stars, which consist 
of three, four, or even a greater niunber of constituents. They 
are called triple, quadruple and multiple stars, when they are 
associated together in a single system. Upwards of 6000 
compound stars have been discovered, and of these nearly 700 
have been observed to change their relative positions, showing 
that they revolve round one another, or round a common 
centre of gravity. Some complete their revolnttons in short 
periods, others in very long periods. One double star J Her- 

culis, for example, has a period of thirty-six years, whereas 
the system of € Lyrae has been computed to have a period of 
nearly a million of years. 



Vm. DIAGRAMS OP THE COMPOUND STARS. 

38. FiGUBB 10 represents the orbit of the companion star 
of y Virginis, with a period of about 170 years. 

34. Figure 11 a Cassiopese. The larger star is a pale 
rose colour, the smaller star blue. 

35. Figure 12 <r Pisces ; a triple star. The largest star is 
yellow, the second blue, and the third ruddy. 

36. Figure 13. ^ Tauri. The lai^r star is red, the 
smaller star blue. 

37. Figure 14. n Persei. The larger star is orange, the 
smaller star blue. 
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' 38. PiGCRB 15 repreeeuts the orbit of the companion star 

tf 5 Herculis, with a period of thirty-sis years. The larger 

r is yellowish white, the smaller etar is of an orange tint. 

, Figure 16 ^ Ononis. The larger etar is pale yellow, 
e companion is sapphire bine. 

40. Figure 17 o Scorpionis. The large star is red, the 

small star bluish green. 

41. FiQDRE 18 y Andromcdse. The larger star ia deep 
yellow, the smaller star sea green. 

42. FiGCRE 19. 04Aqnarius. The larger star is rose colon'-, 
the smaller star green. 

43. Figure 20. ij CassiopetG. The larger star is white, 
^^^ jailer star pale blue. 

^Lt 44. Figure 21. !/> GassiopesB a triple star. The largest star 
^^boraoge, the smaller star blue, the smallest star ruddy. 
^F^ 43, PiQURE 22. 95 Ilerailis. The larger star ia green, the 
smaller star cherry coloured. , 

40, FiGCRE 23, e Bootia, The large star is pale oratige, 
the small star aea green. 

47, Figure 24. The multiple star t Lyne, As seen 
through an opera glass it appears a double star. As seen 
through a small telescope it appears a triple star. As seen 
through a powerful tfileseope it appears a multiple star. The 
smaller pair is supposed to have a revolution of about a 
thousand years, the wider pair a revolution of about two thou- 
satid, and Admiral Smyth conjectures that the wbole system 

(' have a period of something less than a millioo. 
48. Figure 8 represents the well known group of stars in 
coDstetlation Taurus, called the Pleiades, The largest 
in this group is called Alcyone. 
: 
cal 
8tl 



IX. PROPER MOTION OF THE STARS. 

49. Although we diatingnish between the planets and what 
B called the fixed etars, it has beea found that in reality all 
B Stars are in motion, and astronomers have been for a long 
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time engaged in discovering in what direction each star is mov- 
ing, and what is its rate of motion. 

50. It has been ascertained, in the first place, that our own 
sun is in motion, carrying with it its attendant planets, and 
travelling in the direction of the constellation Herculis. For 
that reason the stars that are at each side and nearest to us, 
appear to move the most rapidly in the opposite direction. The 
stars in front appear to open up as we approach, and those 
behind us are drawing closer together. 

51. But besides this apparent motion of the stars, each star 
has its own proper motion, and it has been observed that there 
are groups that move in company, each group moving in its 
own direction. 

52. Figure 9 represents the stars in Ursa Major, generally 
known as Charles Wain, or the Plough. There are three 
distinct companies travelling in different directions, each com- 
pany being coloured not accordmg to the colour of the stars 
themselves, but to distinguish the companies according to the 
direction in which they are travelling. The red stars are 
travelling to the left, the blue towards the right, and the 
yellow also to the right, but downwards. 



Z. VARIABLE STABS. 



53. Many stars have been observed to change in bright- 
ness periodically. These are called Variable Stars. In some 
the changes which they undergo is very great, in others it is 
barely perceptible. The period of the change also is very 
different in different stars ; for example j3 Persei passes through 
all its variations in less than three days, whereas \p Leonis has 
a period of many years. It is probable that what are called 
new stars, lost stars, and temporary stars, belong to the same 
class, but have much longer periods of change. The cause or 
causes of the variation have been conjectured but not ascer- 
tained. 

54. In 1572 a new star appeared in Cassiopese,* which con- 
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^^■nned visible for seventeen months, and was so bright that it 

^^raonld be seen at noouday. It is conjectured that this star 

lias a period of 314 years, and if so, will again appear in 1666. 

55. Figure 25 represents n Argons, varying from the first 
magnitnde to the fourth, with a period of 46 years. 

56. FiGDBE 2G represents a Ceti {Mira) varying from be- 
tween the first and second magnitude to the fourteenth, with 
& period of 281 daya. 

57. FiGtTKB 27 represents j3 Persel, varying from the 
second magnitnde (nearly) to the fourth magnitude, with a 
period of 2 -j^ days. 

58. Figure 28 represents jj Lyne, vaiying from the third 
magnitnde to the fifth, with a period of Bj- days. 

59. FiGTiEE 29 represents R. Cephei, varying from the fifth 
magnitnde to the eleventh, with a period of 73 years. 

r60. Figure 30 represeuts R. Caesiopese, varying from the 
h magnitude to the fourteenth, with a period of 435 days. 
51. In connection with Chart No. I., the general character 
ana appearance of Comets, as part of the Solar System, have 
been described. We shall now examine them more particularly 
03 Celestial objects. 

62. Comets are hazy cloud-liko bodies, which sometimes ap- 
pear in the heavens, and have, in all ages, excited the wonder, 
and sometimes the superstitious feara of the nations. They are 
by far the largest, the lightest, and the most irregular of all 
the heavenly bodies. One was seen so large that it was equal 
to the distance between the sun aud the earth ; many of them 
are ao light, that the entire mass would not weigh more than 
a few tons, and they are so eccentric, that many of them visit 
the fiolar system, and after turuiog round the sun, fly away 
never to return, 

63. Very little can be said of them that would bold true of 
all ; for although in general each of them has a siugle 
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tail, some have two or even more, and not onf reqnently they 
have no tail at alL In general the tail points away from the 
sun both in going and returning ; but even this is not without 
exceptions, because some have been observed having their 
tsdls pointed in quite another direction. One comet was ob- 
served to split into two parts which never were reunited ; and 
another, after giving promise of returning at a certain time, 
disappointed the expectation of astronomers, and has never 
been seen again. 

64. Theib appbabance is very varied. Some are called 
Telescopic Comets, because they are so small that they cannot 
be seen by the naked eye. (See Figure 39.) Others are so 
large as to occupy a very large space in the heavens. In 
general they consist of three parts, the head or coma, the 
nucleus within the head, and the tail. 

65. Their coMPOsniON is not certainly known, further than 
that carbon has been detected in spectrum analysis to be pre- 
sent in the nucleus; and, as they move according to the laws of 
gravitation, they must consist of ponderable matter. The most 
probable conjecture is, that the head consists of a widely scat- 
tered shoal of meteoritic substances, travelling rapidly through 
space, each little meteorite being many miles distant from its 
companions ; and that the tail is nothing more than the ether 
of the solar svstem faintly illuminated by a very feeble dis- 
charge of electricity from the head acted on by the sun's rays. 
The light ^ven out by a cubic mile of the comet's tail amounts 
to almost nothing, and requires to be multiplied hundreds of 
thousands of times, the one behind the other, in order to pro- 
duce the dim light which we see, and which, were we near it, 
would be quite invisible. If it were a gas or an atmosphere, 
even though it were a thousand times rarer than the air we 
breathe, it would shine as brightly as the moon by the reflected 
rays of the sun. The same might be said of the head of the 
comet, through which even small stars are visible. 

66. Unlike the planets, the comets have no connection with, 
or relation to one another. They have no common ecliptic, 
but have the planes of their orbits lying in every position. At 
the same time, as they obey the laws of gravitation, the orbit 
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of every one of them correepouda with eome podic section, 
either au ellipse, a parabola, or a hyperbola, as explained in 
_phart No. II. If they are ellipses, they belong to the Solar 
Sf Htem, but if they are parabolas, or hyperbolas they are only 
"lance visitors, and will never return, 

67. In general, Comets are named after those who either 
"discovered them, or calculated their orbits, as Halley's Comet, 
or Eucke's Comet. Others are called by the year on which 
they appeared, as the Comet of 1744, or the Comet of 1811. 
^^ G8. Specimens of Comets. In FigTires No. 32 to No. 37, 
^urs represented the changes which took place In Halley's Comet 
^K 1835 and 183C. Figure No. 32 shows one of the appear- 
^^bces which it presented before reaching its perihelion* in 
^1835. Figure No. 33 represents the form which it had when 
it reappeared after passing its perihelion. At first it was cir- 
cular, but gradually one of the sides opened, and a tail began 
to be projected, which increased in size as it receded from the 
sun, as presented in Figures 34, 35, 36, 37. 

69. Figure No, 38 represents Bncke's Comet, which ap- 
peared in 1823, without a tail. 

70. FiGCRB No. 39 represents a telescopic Comet, also 
without a tail. 

71. Figure No. 40 represents the comet of 1861. Al- 
though it was comparatively a small Comet, being only about 
twenty millions of miles long, it was so near to the earth that 
it occupied in length 70 degrees of the heavens, which is more 
than oae-third of the whole arc. 
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72. FiouKE No. 41 represents the Comet of 1744, which 
wna uearly of the same size. It occupied 44 degrees of the 
beaTena, aod was remarkable oii account of buving eevei 
tuils. 




73, PiGCRE No. 42 represents Donati's Comet of 1858. " 
It was nearly of the same size aa the other two, aad occnpied 
40 degrees of the heavens. 




74. The Comet of 18U was one of the largest which h&s 
visited the Solar System, being a hundred millions of miles in 
length, htit it was so distant from the earth that it occapies 
only 27 degi^ees of the heavens, (See Figs. No. 43 and 47). 

75. In Figures Nos, 40 to 43, are represented the compara- 
tive sizes of thesefour comets aa they appeared to us. In Figures 
Nos. 44 to 47 are represented their real sizes comparatively. 
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XII. THE MILKY WAT. 

76. Besides the stars which we see on a dear moonless 
Bight, we may observe an irregiilar band of pale light, which 

ftretches round the whole heavens in both hemispheres, and 
frhicb is called the Galaxy, or Milky Way. 

77. This great system is composed of an almost infinite 
CAcmberof miuute stars, too distant to be seen individually, and 
'\ is to tliis system that onr own sun, and the stars which ap- 

ar in our firmament belong. 

78. Sir William Herechel supposed that creation is com- 
1 of an immensB number of ench nniverses, thousands of 

liirhicb are seen in the heavens as patches of pale light called 
Hebalee ; and that the Milky Way is the nebula to which our 
a and the other fised stars which we can see, belong. 

79. Following up this idea he endeavoured to ascertain its 
' form, as it would be seen from a distance, hy observmg in 

-what parts the increased brightness of the Milky Way in- 
dicated an extension of its depth. Figure No. 48 represents the 
form which he assigned to it, supposing our own stui to lie 
Dear the centre. 

80. Since that time the subject has received more careful 
consideration, and his sou, Sir John Kerschel, has modified 
his father's theory, by supposmg that the Galaxy is not a disc, 
but a ring split on one side. Mr Proctor suggests figure 49 
aa a more likely form than either the disc or the ring. The 
Bun is suppiDBcd to be situated at the point S. In the direction 

R« he accounts for the blank in Argo, which cannot be accounted 
r by eltlier Sir William's or Sir John's theory ; and hi the 
Erection b he accounts for the double stream, which was pre- 
iously accounted for by a split. Mr Proctor, however, admits 
lat tUfl is only one of many which might be suggested. 



Xm. CLUSTERS AND NEBULA. 

81. Clusters of stars are scattered over the heavens in 
) variety, each consisting of hundreds, thousands, or 
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perhaps even millions of sunB, To the naked eye they appear 

to be only bright patches of light; but when vbwed through 
a powerful telescope, they are resolved into separate stars, 

82. Of those, the most geuerally known ia the Pleiades, in 
the constellation Taiinis, and in this cluster the naked eye can 
count at least six stars, P. de Rheita has counted 188 seen 
through the telescope. As speciraens of the larger cluster, 
Figure 50 represents a Centauri, and Figure 51 M. Hercnlis, 
two of the most magnificent clusters iu the heavens. 

83. The word Nebula, which in Latin means a cloud, is 
applied to any stationary object in the heavens which has 
the appearance of a cloud. Many of these are simply clusters 
of stars, which can be resolved into separate stars by the tele- 
scope ; and at one time it was supposed that all the nebulte 
were in reality star clusters, all that was needed for their 
resolution being additional telescopic power. This, however, 
has been found to be a mistake, and we are indebted to the 
new science of Spectrum Analysis for the discovery. 

84. It has already been explained that the light of the 
sun and the fixed stars (which are in reality distant suns), 
when analysed, gives a spectrum, having black lines on a 
coloured ground ; and that the light of incaudeacent gas, gives 
a spectrum of coloured lines upon a black groimd. 

85. On applying this test to the light of the nebulfe, it has 
been found tliat all those nebulEB which could be resolved into 
separate stars, have a spectrum with dark lines on a coloured 
ground, the same as that of the sun ; but that some of the 
nebuliB which could not be resolved, have spectra with coloured 
lines on a black ground ; proving that their light is produced 
by incandescent gas, chiefly hydrogen and nitrogen, and that 
no amount of telescopic power could show tliem to be composed 
of stars. 

86. Tiie forma presented by these iiebulte are extremely 
varied, as shown in the specimens exhibited on the Chart No. 
52 to 66, which, in order to be understood must be seen, be- 
cause they cannot be described. Many of course are simply 
globular in shape, more or less regular and defined, and are not 
represented in this Chart. Many are oblate or ring-shaped 
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but many also appear so peculiar and caprioous in form, that 
it is di£ScuIt to understand how they could have been produced 
by the operation of natural laws. 

87. There is, however, much that is still mysterious and 
unknown connected with these celestial objects, and the more 
that they are examined, the more wonderful do they appear. 
Perhaps the most remarkable circumstance connected with 
them is, that they undergo sudden and important changes, 
which of all things we should have least expected. This, how- 
ever, may yet become a clue to the discovery of their real 
nature* It may be added, that although astronomers have, for 
a long time adopted Sir William Herschel's suggestion, that 
these nebulsB are Galaxies like our own Milky Way, lying at 
enormous distances in the immensity of space. Mr Proctor 
has recently challenged this opinion, and given very good 
reasons for believing that for the most part they belong to the 
SGlky Way itself. It is not impossible, however, that in part, 
both doctrines may be true, and that while the greater number 
of the nebulad may be connected with our own Galaxy, some 
at least may be altogether independent systems. 
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IHE adviut^gie of teaching Geography by constant reference to 
large Wall Mapa is now fully appreciated and practised in tlie 
bigiicr claBB bcIiooIh ihroughuut the country. Learning by rote frocn 
books alone — lista of Damea with which no positive geographical 
localitiea are connected, leoila, inevitably, to a distaste for the aubject; 
and any little iuformatioD so acquired ia speedily forgotten. Ilie 
eye, — that imporiant auxiliary in the acquiaitioQ of all knowledge 
depending on form — is thus virtaally ignored, and progrees in loam- 
ing is Blow and uusatisfactory. 

Assured that the uyst'em bure atlvucnted noiild be still more 
generatly adopted, it Text Books were to bo bad in which the aaiins 
selected, and their orthography, bLoiJiI be in perfect accordance with 
those on the Maps, the Author lias been induced to prepare ascparatu 
Hkiid Booh to each of the WsU Uapg of General Qeograpliy, aiinilar 
in plan to those for Lis Wall Iiliipa of ?hyaical Geography, which 
have been so well received. In thee>> Hand Booka, broail general 
views are inculcated, and all unncccss^iry detail ia avoided. Every 
place noticed has eometbiug peculiar, either in posilioa, papidatton, 
eommerct., produciium, at hxaiory, to reudi'r it mi'iiiorable. 

The text kntrodacoB subjects not ueunlly taught in schools, but 
which, it is believed, will make the Btuily of (.icography fresh and 
attractive to the young. Intelligent teaohera will here find sugges- 
tioiu which miLy enalile them to luy before their pupils comparative 
views of great iotenut regarding dUfrrcot countries and states. 

Tracbing Lialj to accompany ench of the Hand Books, have 
been oan;ful1y prepared by an Inapertor of Schools of great expcri- 
enoe. These ajford a ready meooa of testing the attaimnenta of 
pupils to Map Geography, for acquiring a knowledge of which tliey 

Kr the eitsiest method. Every iinmc givi-n in these lists is to ba 
111 lu the Wall Maps to which tliey i-efer. 
Uanjr practical advantngea will be found in Uti* metliDd oi 



« one Map, and ite Sxpliaatorj 
Teit Booh, at one lime. The diBtrftutioa consequent 
^oot tenching is thus uToidi-iI ; wtile. for a lev pence, the pnpil ia 
supplied with iGHBOna fori' » great pait of a BeBaion, and ~ 
tlie ueeereity of carrviiiB to school a balky rolnmo, of which a 
I part only ctui he pc'tiu'ed. 

The TeftCliiiif; Lists and Eiplftnatcry Text are farther adapted 
he nsed with Uolettered Wall Kaps, a series of which, eihibtt^ 
Liig the pliygiual ftat'ves of each tuiiiitiy with the poaitioDs of thi 
priiiuipnl towns, but omitting the n^imes, h&s been prepared for 
school use. These are employed eitlier for testing the knowledge 
of a oiasB by pointing to the ini-uiimetl Map on the WaU, or fi 
filling in tJie names as au ezecuiae for more advanced pupils. 
tliis parpose plain sheets are supplied hy the PiibliRhera, 
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NOTE. 



The Chart, of which this is the accompanying Hand-Book, 
has two peculiarities. 

Firat^ — Being primarily an Educational Map, the chief 
purpose of which is to enable the student to recognise on the 
paper the constellations as they are usually seen in the 
heavens, all but the most pr(»ninent stars have been toned 
down,' without altering their magnitudes. By this means the 
eye is not confused with multitudes of stars which are never 
seen except when the sky is very dear. 

Second^ — It is drawn upon Gall's Projection, which is 
better suited than any other for presenting a large portion 
of the heavens in one view. The formula of its construction 
is as follows: — ^ The degrees of latitude are projected stereo* 
graphically and the longitude is rectified at the ^bth paraUels.*'^ 
See ^ Proceedings,' Royal Geographical Society, 1871, p. 159. 
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CHAPTER I. 
INTRODUOTORT OBSERVATIONS. 

1. As the earth turns on its axis onoe every day, the 
heavens appear to be moving in the opposite direction ; the 
axis on which they seem to revolve corresponding with the 
axis of the earth's rotation. 

2. The whole heavens are sprinkled over with stars of 
different magnitudes without any regolarity ; bnt astronomers 
have grouped them into constellations bounded by imaginary 
Hnes; so that every star must belong to some particular 
oonsteUation. 

3. The stars lymg near the phme of the earth's orbit 
are grouped into twelve constellaticms, called the signs of the 
ZocBac; and the sun i^pears to travel through these con* 
Btellations once every year. The sun's path is called the 
Ecliptic 
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I HAND BOOKS 

JOHNSTON'S WALL MAPS 
OF GENERAL GEOGRAPHY, 

T 

L HK advantage of teachiog Geograpbj by constant roference to 
large Wall Mapa ib uow tullj appreciated and practised in Uie 
higbei cisHB bcLodIb tliroughout tjie coantry, Leaming by rote from 
books alone^lisM ot names with wliicli no positiva geographical 
localitiel are connected, lends, inevitably, to a diainste for thesiibject; 
and any little iiiformation so acquired ia speedily tort^tten. The 
eye, — that iiu|>oriant auxiliary in the acquiaitioD of all knowled^je 
depending ou foriu— is thus virtnally ignored, and progresa in learn- 
ing is Blow and unsatiafactory. 

Assured tliat the HyHtetn hure ativucated would be etill i 
generaUy adopted, if Test BooIm were to be bad in which the naiDi'a 
■elected, and their ortIiOi,Taph7, abould be in perfect accordance with 
those ou llic Majis. the Author has been iodnced to prepare a aeparatu 
Hand Book to each of the WoU Haps of General Geography, dmilar 
in plan to those for his Wall Slaps of Phywcal Geography, which 
have been eo well receiyi^d. In tbear Rutd Books, broa<l genoral 
views are incnlcated, and all onneeeHSiuy detail ia avoided. Bvcry 
place noticed has souiethiug peculiar, cither iii inuUwii, popuZalion, 
eotamercr, pToductiuia, at hlnory, to render it ini'inorabte. 

7^ text introduce* subjects not lun^y tiiught in schools, but 
which, it ie believed, will luake the slO'ly of Uuojrraiihy ficsb iitnl 
attoactive to the yoiujg. Intelligent tcsuhera will here Und suggea- 
tions which niuy eoaMe thoin to luy before their pupils compaiatiTe 
views of great iutereni regarding diffrrcnt countries and Htatet. 

TF«chiag Lists to accompany each of the Hand Books, have 
been carefully prepared by an Inspector of Schools of great expcri- 
enoe. 'nieso fdford a ready means of testing the attainmeiita of 
popils in Map Geography, for acquiring a knowledge of which tliey 
offer the easieat method. Every name given In these lisla is to bo 
found in the AVall Maps to wliich thuy i*ufer. 

M.any pracUcal advantages will be found ia this method of 
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the twelve constellatioDB called the signs of thd Zodisc in the 
following order : Aries, Tannis, Gemini, Cancer, Leo, Ybgo, 
Libra, Scorpio, Sagittarius, Caprioomus, Aquarius, and Pisces. 
They may be more easily remembered by the following lines 
giving the English names : 

The RAif, the bull, the heavenly twins, 
And next the gbab the lion shines. 

The YTBGtJN and the scales. 
The SCORPION, ARCHER, and fish-ooat. 
The MAN who pours the water out, 

And FISH with glittering tails. 

9. The position of any star reckoned perpendictUarfy is 
measured by the number of degrees distant from the north 
pole. This is called its ^ north polar distance;' or it may be 
measured by the number of degrees distant (north or south) 
from the equator, and this is called its north or south declina- 
tion. Its position horizontally is measured by its distance 
eastwards, in hours, minutes, and seconds, from the first 
point in Aries. Twenty-four hours Complete the circuit. 



CHAPTER II. 

Movements of the Stars. 

lOw At night, when the sun sets, an entire half of the 
heavens becomes visible ; but it depends on the latitude of the 
country how much more will be brought into view during the 
night by the revolving of the sphere. i 
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^B 11. At the polea there can be no change in thia respect, 

H* because the stars above the equator never set, and those that 

are below never rise. In tropical countries, neariy the whole 

heavens are brought snccessively into view between snn-set 

and sun-rise. In temperate regions the polar heavens are 

always visible at night, extending to within as maoy degrees 

of the equator as is the latitude of the place. For example, to 

^La country in 20 degrees latitude, there would be 20 degrees 

^Bof the polar heavens that would never set, and 20 degrees 

^Kound the opposite pole that would never rise. 

^B 12. There must always be a portioa of the heavens in 

^Bvhich the stars cannot be seen — that ia the portion in which 

the sun happCDS to be at the time. But as ho is alwaj-s 

moving onwards in his path, the stars which are hidden by 

the glare of his light gradually come agaio into view. 

13. There is thus a contiaual change in the celestial 
Bc«nery, till the whole revolution has been completed once 
every year. For example, the constellations which at present 
are visible at midm'ght, will, one month heace, occupy the 
very same position at ten o'clock in the ovenmg. 

14. For the same reason, if we were to rise to-morrow 
morning at four o'clock, we should see the constellations in 
the poffltion which they will occupy three months hence at 
ten o'clock. Each month in the year is equivalent to two 
hours iu l^e day. 
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OHAPTEE III. 

The North Polar Heavens, 

15. The most conspicuoua group of stars in the not 
sky ia ooe called Charles' Wain, or the Plonghj to which t 
bears a considerable resemblance. 





It will be found in the map of the North Polar i 
the lower side, in the centre. 

• 16. The Plough forma part of the conetellation 'Uri 
major' ('the Great Bear') ; and as its two foremoat stars point 
upwards to the pole star, around which all the others revolve, it 
is the most convenient guide, not only to that star, but by its 
means, to all the other consteUations in the northern heaveoe 

17. As the Plough travels round the pole star once evffl 
day, we must not expect to see it always in the same positiM 
It is only ifl the autumn evenings that we 6nd it as we ban 
represented it ; and then it is to be seen between the pole s 
and the northern horizon, 

18. In vnntei- it is seen to the east of the pole star, travf 
ling upwards with ifa handle pointing downwards. In g^ 
it is almost directly over our heads ; and in mmmer it is 
to the west of the pole star, travelling downwards, with i 
handle pointing upwards. 

20. The pole star is a conspicuous star of the constellatid 
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Ursa minor, situ&tetl near that point ronud which the heavens 
appeiir to revolve ; and is important, because it guides us to 
all the other conBtellationa of the northern heavens. If wd 
ataud with our back to the south aad look up, it will be seen 
i»early in a hne with the two front stars of the Plough, which 
ou that account are called ' the pointers.' 

21. Ou the other side of the heavens, and at atwut an 
equal distance from the pole star, ia another beautiful constel- 
laUon called Casaiopeiu (sometimes written Casaiopea). Its 
five moat conspicuous stars form the letter W, one of its 
halves being flattened. 



Hw pole star, m spiing it 
hter it is in the north-eaat. 

28. These two groups of stars, the Plough and C&aaiopMft, 
enable us to divide the heavens into two halves; but, for our 
greater convenience, we require a division into quarters. This ia 
obtained by two reaplendeut stars, one on each aide, between 
the Plough and Cassiopeia. These are Capella and Vega ; the 
one beiug situated in the constellation Auriga (the Charioteer), 
the other in the constehatiou Lyra (the Lyre). Although 
Capella and Vega are, both of them, single stars, Capella may 
be easily distinguished by its having a companion star a little 
farther down towards the left. Their positions also may be 

I lemembered by keeping in mind that Capella, the Uttle goat, 

mi» running away from the Great Bear. 
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our heads, in winter it is west of 
under the pole star, and in sum- 
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23. These four, the Plough and C&saiopeia, CapelU a 
Vegu, snpply ua with guinea to the four quarters of i 
northern heavens, and form an ellipse, with tlie pole a 
the centre, thus — 



24. The constellattou of Tvhicb the pole star forms a p 
is called Ursa minor (the Lesser Bear), the tall of which ia loq 
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25. The constellation Draco (the Dragon), lies between the 
lough and Vega, It has the appearance of a aroolted ser- 
pent, with its tail between the two Bears, and its head bent 
downwards. Its head appears shaped lilte a diamood cc 
posed of four stars ; but thu star in front belongs to another 
coostellatjou. 




Autumn Stars. 
Wheo wa begin to study the constellation b in tlw 
I we fiod Cassiopeia over our heads, the Plough low 
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down in the north, CapeUa hi the nortb-east, aud Vega in t! 
north--we8t. 

27. Beneath Cassiopeia towards the south, there is a rang) 
of five bright Btara gUttering in a curved Une, thus — 




28. The furthest star on the right hand belonga to t 
constellatioa Pegasua, the three in the middle belong to t 
constellation Andromeda, while the star on the left hand b 
longs to the constellatioa Perseus. 

29. There are two bright stars below the two to the rigU 
fonniug a great square, and other two beneath the three t 
the left, forming a large W, thtis — 




30. Three of the four stars forming the great square be- 
long to the constellation Pegasus (the flying Horse), which k 
represented galloping with its head downward and its feat apt 
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The three stars form the flank of the horse. The head &tiii 
neck are represented hj an angle of stars to the right ; while 
above that, the two fore legs are represeated as spread out in 
two horizontal liiiea, thus — 



1 




81. The lowest star of the great W belongs to tha eon- 
stslhtion Aries (the Bam), which is the first sign of the Zodiac. 
The brightest stars of this constollatioa appear as in the fol- 
lowing diagram : — 



32. Between Aries and Fegasas there is an irregnlar 
of faint stars, belonging to the constellation Pisces (the Ftahes), 
which is the second sign of the Zodiac. 

33. Underneath Aries and Pisces is a very brilliant constel- 
lation, called Cetus (the Whale), one of the stars of whidi 
(called Mira) is a variable star, changing in brightness frcwt 
the second magnitade to the twelfth, and bock again from tlw 
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CHAPTER V. 

CapeUa Quarter. 

"Winter Stars. 

34. The constellations have now moved eo far to the righj 
that new stars have como into view, belonging to the Cape 
Quarter, which now appears in the south. 

35. Underneath Peraeus, noticed iu No. 28, and to the 1< 
of Ariea, noticed in No. 31, we fiud the constellation Tauni 
{the Bull), which is represented pushing with its homa towar 
the left, its head bent downwards. The two horns are repre- 
eented by two bright atara to the left, iinder CapeUa } its head 
in the ceDtra is formed, of a ^imigulv duster of atai^, , 
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H-igliteat of which (Aldebarau) is tUe Bull's eye. To the right, 

■, is another cluster, called the Pleiades. 



1 




}6. Directly niider Capella and the two home of the bull 
Kb the constellation Orion, one of the most beantifu! groups 
■ of stars in the heavens. The stars at the four corners rc- 
P present the shoulders, the foot, and the knee of the hero. The 
1. tiiree stars across the middle are his lielt, and from the belt 



r 
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huigs hiB Bword, which is composed of & falling line of I 
stars and nebulas. Above the shoulders are three small sta 
ou the cheek. 

87. To the left of Orion there is a grand curve of bri( 
Btara, six ID nmnber, reachiug down from Capella, at the top, 
to the brightest star in the whole heavens, Sirius the Dog Star. 
titb highest is Capella, with its companion star. The next 
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two are Castor and Pollux of the constellation Gemini. ADother 
Btar considerably further down is Procyon, the Little Dog, and 
lowest of all is SiriuB. 



CHAPTER VI. 
Ursa Major Quarter. 
Spring Stars. 
38. Month after month the atara have been advancing 
westward, and now the Plongh is overhead. To the left of 
Castor and Follus is the conatellation Cancer (the Crab), none 
of the stara of which are prominent. To the left of this, how- 
ever, 18 the constellation Leo (the Lion). 




39. The aiK stars on the right have the appearance of a 
reaping-hook, the lowest star of which is Regulus, a veiy 
bright star. The loins are represented by two stars, and the 
tail by one. 

t. To the left of Leo, but considerably further down, is 
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ftuothflT fine coostellation called Virgo (the Vir^u), the c 
Btara of which appear to be arranged in the form of the lettfl 
y. The brig^htest star in this confitellatioa is the bwes 
which is called Spica, an ear of corn, vfbich she holds m h 
hand. 




41. Beneath Virgo are four bright stars belougmg t 
coostellation Corvns (the Crow). 




42. We must now direct our attention again to the Plongl^ J 
the handle of which points to a large and beautiful triangl 




with a bright star in the centre. This central star, aad the two 

to the right, belong to the conatellatiou Bootes. 




1 



43. The star to the left beloiiga to the conatellation 
Corona Bonoalia (the Northern Crown), aad forms the brightest 
r of a semicircle representing the crown. 



CHAPTER Vri. 
Vega Quarter. 
Summer Stars. 



44. The star Vega is now in the ascendant, and the con- 
etellatiODB which last quarter were in the west are now in the 
aonth. To the left of Corona Borealis is a magnificent constel- 
lation called Hercules, presenting the appearance of a gigantic 
lily opening its cup towards Vega. The stalk of the lily ex- 





id which the stalk appears broken. Three bright Btara form 
the broken part. 

45. In a straight hne from Vega downwards towards the 
left there are three bright stars belonging to the coQstellatu 
Aqnila (the Eagle). Being in a straight line they poiot np. 
wards to Vpga. 



■ 



46. To the left of Aquila, but higher, is a curiona c 
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of stare called the Dotphio, in the form of a boy's kite. It is 
a small claster, and although none of the stare are bright, it 
attracts notice. 



■ 



47. Above the Dolphin, and to the left of Vega is the con- 
Btellation Cygnus (the Swan). It has the appearance of two 
half wheels, or bow-windows, overlapping one another. 




48. To the left of Cyguus and the Dolphin, ia the constel- 
l&tiou Pegasus, belonging to the Casaiopeia quarter, from wtuch 
we set out. See No. 30. 
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49. Having travelled round the heavens, guided by the 
constellations Ursa major and Cassiopeida, and by the atarg 
Vega and Capella, the stndent will be able to Btudy all the 
others with the help of the maps on the accompanying sheet. 

50, All the stars which can be seen by the naked eye will 
be found in these maps — that is to say, all the stars from the 
first to the sixth magnitudes. The stars of the first magnitude 
are largest, and are distinguished by having eight rays, the 
second have seven, the third six, the fourth five, the fifth 
four, while the stars of the sixth magnitude, which are the 
smallest that can be seen with the naked eye, are represented 
Bunply as points. 

51. As only the larger stars are distinctly seen, except 
npon alear nights, the smaller stars have been dimmed upoa- 
the maps, so as to present more distinctly the actual appear-' 
anoe which the constellations have in the heav 

52. The Milky Way may be traced ronnd the whole h( 
vens as an irregular nebnlons band of faint light, which appearfti 
in all the maps. There are also nebulte which are small 
patches of fwnt light, and are distinguished by having no 
rays. These have been described in connection with sheet 
No. 3, 

53. The ancient astronomers gave names to individual 
stars ; and as that is the most convenient method of distin- 
guishing them for popular use, these names have been ap- 
pended. But modem astronomers have found it necessary to 
adopt a more systematic plan. The stars being divided into 
constellations, the Greek alphabet is first used, beginning with 
the largest star in each. When the Greek alphabet is ex- 
hausted, the Roman letters are next employed ; and when 



%pt 
poa^H 

3ar-^^H 

lea-^^^l 
;ar»^^| 
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^^Klbese fail, numbers are attached, and can be used to any ^^ 


^B extent. 


^M 


^B 54. Tbe following is a tmnelation of the Latin and Greek ^M 


^H words used in naming the conatellationa when they are not ^^ 


^V proper names : — 


^M 


Antlia, the pump. 


Leo, the lion. ^^^M 




LepDS, the hare. ^^^M 


Aquila, the sagk. 


Libra, the scales. ^^H 


Ara, the altar. 


Lupus, the wolf. ^^M 


Aries, ike ram. 


Lyra, tJie lyre. ^^H 


Anrigo, the charioteer. 


Major, the greater. ^^^| 


AuBtralis, south. 


Minor, the less. ^H 


Borealis, Tiorth. 


Monoceros, the unkom. ^^H 


Cancer, the crab. 


Mnsca, the fig. ^H 


Ganis, dor/. 


Norma, the nile. ^^M 


Canea, dogs. 


Octans, the octant. ^H 


Oapella, the little goat. 


Ophiuchua, the serpent holder. ' ^M 


Cffilum, a graving tool. 


Pavo, thepeaoock. ^H 


Cetus, the whale. 




Columba, the pigeon. 


Pi&cie, the fish. ^M 


Coma, the hair. 


Pisces, the fishes. ^H 


Corvus, the crow. 


Reticulum, the little net. ^H 


Corona, the crown. 


Sagitta, tlie arrow. ^H 


Crater, tJie cup. 


Sagittarius, the archer. ^H 


Crux, the cross. 


Scalptoris, belonging to an en- ^H 


Cygnus, the man. 


graver. ^H 


DelpbinuB, the dolphin. 


Sciilptoris, belonging to a ku^ ^M 




^H 


|j|- Eqnuleus, the Hale horse. 


Scutum, the shield. ^^M 


^H Pornax, the furnace. 


Sextans, the sextant. ^^M 


^H Gemmi, the twins. 


Taurus, the bull. ^H 


^V GroB, the crane. 


Ursa, the bear. ^^M 


^ Horologinm, (Ae cfoct. 


Venatici, used/or hunting. ^^M 


Hydrus, the water snake. 


Virgo, the virgin. ^^M 


Indos, the Indian. 


Volans,/inV ^M 


1^^ LaceTta, the Heard. 


Vulpecula, the little fox. ^^^ 



HAND BOOKS TO 

INSTON'S WALL MAPS 

JF GENERAL GEOGRAPHY, 
IKEITH JOHNSTON, LL.D. 



l advanlage of teaching Geography by coaatAut reference to 

Wall BJiipB is now fully appreciated and practised in the 
r cla8« Bciioola ihroughout the country. Learning by rote from 

alone — Uats of nameB with which no poaitife geographical 
deaareconnecied, leads, inentahly, to a distaste for the subject; 
iny little inforniatiou ho acquired is speedily forgotten. The 
.that iinponaiit auxiliary in the acquisition of all kuowledfo 
iding on foni] — ia thus vittnally ignored, and progress in leam- 

■low anil iiiiBUliafactory. 

Mured tliat the Hjstcm hure ailvocdted would be still more 
ally adopted, if Teit Books were to be had in which the nauiia 
ed, and their orthography, sboidd be in perfect aocordauce with 
on the Mapa. the Author has been induced to prepare a separate 

Book I« each of the WoU Uapa of Gtoneial Qeography, similar 
lU to those for iiis Wall Maps of Pbysical Geography, vliieli 
I)C«D ao well TQCoived. In these Hand Books, broad general 

are inculcated, and all annewss^iry detail is avoided. Every 

noticed has eouiethiug peculiar, eilJier in posilion, ptyiuJtUum, 
•jvt, pToducti-mt, 01 hanory, to render ii memorable. 
m text introduces Bobjecta not uaually taught in Bchools, but 
I, it ia believed, will make the study of Geography fresh and 
itive to the young. IntoUigtnt teacheia Will here find BUggea- 
which muy enalile them to lay before their pupils comparatJTe 

of great int'T^ci, regarding iliffcrunt countiies and states. 
laohlng lisUs \o accompany each of the Hand liooka, have 
oarcfully prepared by an InspecUir of Schools of great eiperi- 
Theso njford a rea<ly meauB of testing the attiunmente of 
i in Map Geography, for acquiring a knowledge of which Ihuy 
Ifae easiest method. Eviry name given in these liaU is (« be 
e ^Vall Maps to which they refer. 
Epractioal Mlysjjtage* will be found la this method of 



limiting tlie ntteDtiou of the leuner to one Map, and ita EzpQ 
Text Book, lit 0118 time. The distraction coneequent on 
boolt teaching is thus avoided ; while, for a few panee the ^ 
aupplied with leaaons for a great part of a sewion, and ia not it 
the necessity of canyin^ to school a bulk; Toiame, of which a n 
part only can be required. 

The Teaching Lista and Explanatoty Text are further adapted l( 
be jued with Unlettered Wall Kapa, a Beriea of which, «xhiM 
iiig the plijsical featurea of each country with the positiot 
principal towns, but omitbing the nanies, has been prepared Ui 
school use. These are einplojed either for testing the knowteT 
of A doss bj pointing to the uo-named Map on the Wall, or 
filling in the uatnos aa an exercise for more advanced pujola. 1 
this purpoee plain aheete are supplied by the Publishers. 



Uniform with the Fltysical Ailatrs, 

The Half-Cro¥H Atlas of Political Geography, 

Bi KEITH JOHNSTON, LL.D., P.Ii.G.S. 
31 OoIauTed Maps. Fnll Boond Cloth, with Analytical Index. 



The Shilling Atlas of Political 6«ography, 

15 Colonied Maps. 



The Slxpeimy Atlas of Political Seographj 

II Ooloored Maps. 



An Atlas of the British Empire, 

IC Coloured Hapi with Lett«Tpress. Price, Full Bonnd Oloth, % 



Atlas of British History, 

31 (MoiiT«d Map*. Full Bound CQoth, with IiiOa, 7m. S 



The Outline Atlas of Political Geography, 

Containing 80 Uapa, imlforni with the HsU-Crows Atlaa. 
Frioe, in Wrapper, Cloth Beck. ia. Bd. 



SINGLE MAPS OF ALL THE ATLASES, Id. EACK 

in Pnjxtraiion on Mc Ktnae Plan, 
AUaaea of Boriptoral and OloMical OeoKraphy; 
Atlas of Aatronomy. 



